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Description 

The present Invention relates to a digital data processing system and, more particularty, to a 
multiprocessor digital data processing system suitable for use in a data processing network and having a 
simplified, flexible user interface and flexible, multileveled internal mechanism. 

A g^ieral trend in the dev^opment of data processing systems has been towards systems suitable for 
use In Interconnected data proofing networks. Another trend has been towards data processing systems 
wherein the internal structure of the system is flexit^er protected from users, and effectively invisible to the 
user and wherein the user is presented with a flexible and simplified interface to the system. 

Certain problems and shortcomings affecting the realization of such a data processing system have 
appeared repeatedly in the prior art and must be overcome to create a data processing system having the 
above attributes. These prior art problems and limitations indude the following topics. 

Rr^ the data processing systems of the prior art have not provided a system wide addressing system 
suitable for use in common by a large number of data processing systems interconnected into a network. 
Addressing systems of the prior art have not provided sufficiently large address spaces and have not 
allowed information to be permanently and uniquely Identified. Prior addressing systems have not made 
provisions for information to be located and identified as to type or format, and have not provided 
suffident granularity. In addition, prior addressing systems have reflected the physical structure of 
particular data processing systems. That is, the addressing systems have been dependent upon whether a 
particular computer was, for example, an 8, 16, 32, 64 or 128 bit machine. Since prior data processing 
systems have Incorporated addressing mechanisms wherein the actual physical structure of the processing 
system is apparent to the user, the operations a user could perform have been limited by the addressing 
mechanisms. In addition, prior processor systems have operated as fixed word length madiines, further 
limiting user operations. 

Prior data processing systems have not provided effective protection mechanisms preventjr^g one user 
from effacing anotfwr user's data and programs without permission. Such protection mechanisms have 
not allowed unique, positive identification of users requesting access to information, or of infomtation, nor 
have such mechanisms b^n suffldentiy flexible in operation. In addition, access rights have pertained to 
the users rather than to the information, so that control of access rights has been difficult Rnally, prior art 
protection medwinisnns have allowed the use of 'Trojan Horse arguments". That is, users not having 
eccess rights to certain information have been able to gain access to that information through another user 
or procedure having such access rights. 

Yet another problem of the prior art is that of providing a simple and flexible user's interface to a data 
processing system. The character of i^r's interface to a data processing system is determined, in part, by 
the means by which a user refers to and identifies operands and procedures of the user's programs and by 
the instruction structure of the system. Operands and procedures are ctistomarity referred to and identified 
by some form of logical address having points of reference, and validity, only within a user's program. 
These addresses must be translated Into logical and physical addresses v/ithin a data processing system 
each time a program is executed, and must then be frequently retranslated or generated during execution 
of a program. In addition, a user must provide specific instructions as to data format and handling. As such 
reference to operands or procedures typically comprise a major portion of the instruction stream of the 
user's program and requires numerous machine translations and operations to implement A user's 
interface to a conventional system is thereby complicated, and the speed of execution of programs 
reduced, becmise of the complexity of the program references to operands and procedures. 

A data processing system's Instruction structure includes both the instnicdons for controlling system 
operations and the means by which these instructions are executed. Conventional data processing systems 
are deigned to effidently execute instructions in one or two user languages, for example, FORTRAN or 
COBOL Programs written in any other language are not effidently executable. In addition, a user is often 
faced with difficult programming problen^ when using any high level language other than the particular 
one or two languages that a particular com^entional system Is designed to utilize. 

Yet another problem in conventional data processing systents is that of protecting the system's 
internal mechanisms, for example, stack mechanisms and internal control mechanisms, from accidental or 
malidous Interferertce by a user. 

Rnally, the Imemal structure and operation of prior art data processing systems have not been flexible, 
or adaptive, in structure and operation. That is, the internal structure and operation of prior systems have 
not allowed the systems to be easily modified or adapted to meet particular data processir^ requirements. 
Such modifications may indude changes in intemal memory capadty. sudi as the addrtion or deletion of 
spedal purpose suteystems, for example, floating pofm or array processors. In addition, such 
modifications have significantly effected the users interface v/ith the system. Ideal ly« the actual physical 
^ructure arKi operation of the data processing system should not be apparent at the user interface. 

It has already been proposed {IBM Technical Disdosure Bulletin Vol. 22 No. 3 Aug. 1979 pp 
1286—1289) to maintain sjch a targe address space that every object which is ever created can have a 
unique identifier. This requires a very large identifier field, e.g. 40 to 50 bits. 

The object of the present invention is to implement such a concept so that it may be applied across 
many computers geographically distributed and without requiring all computers to use the same 
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programming language. 

The system according to the invention is defined in the appended claims. 

It is known in virtual address machines to use name tables to provide logical addresses for translation 
to physical addresses <Klar, Wichmann, "Mikroprogrammierung" June 1975, especially pp. 163, 
176 — 179, 185 — 1B7, 195 — 205, 214 — 215) and this reference also discusses the emulation in software of 
different target maciiines. 

More specifically, the embodiment of the invention described in detail below provides a data 
processing system suitable for use in interconnected data processing networks, which internal stnicture is 
flexible, protected from users, effectively invisible to users, and provides a flexible and simplified interface 
to users. The data processing system provides an addressing mechanism allowing permanent and unique 
identification of all information generated for use in or by operation of the system, and an extremely large 
address space which is accessible to and common to all such data processing systems. The addressing 
mechanism provides addresses whidi are independent of the physical configuration of the system and 
allow information to be completely Identified, with a single address, to the bit granular level and vtnth 
regard to information type or format The present invention further provides a protection mechanism 
wherein variable access rights are associated with individual bodies of information. Information, and users 
requesting access to information, are uniquely identified through the system addressing mechanism. The 
protection mechanic also prevents use of Trojan Horse arguments. And, the present invention provides 
an instruction structure wherein high level user language instructions are transformed into dialect coded, 
uniform, intermediate level Instructions to provide equal facility of execution for a plurafrty of user 
languages. Another feature is the provision of an operand reference mechanism wherein operands are 
referred to in user's programs by uniform format names which are transformed, by an internal mechanism 
transparent to the user, into addresses. The present invention additionally proxrides multilevel control and 
stack mechanisms protecting the system's internal mechanism from interference by users. Yet another 
feature is a data processing system having a flejdble internal structure capable of performing multiple, 
concurrent operations and comprised of a plurality of separate, independent processors. Each such 
independent proce^or has a separate microinstruction control arKi at least one separate and independent 
port to a central communications and memory node. The communications and memory node is also an 
independent processor having separate and independent microinstruction control. The memory processor 
is internally comprised of a plurality of independently operating, microinstruction controlled processors 
capable of perform ir>g multiple, concurrent memory and communications operations. The present 
invention also provides further data processing system structural and operational features for 
implementing the above features. 

It is thus advantageous to incorporate the present invention into a data processing system because the 
present invention provides addressing mechanisms suitable for use in large Interconnected data 
processing networics. Additionally, the present invention is advantageous in that it provides an information 
protection mechanism suitable for use in large, interconnected data process ng networks. The present 
invention is further advantageous in that it provides a simplified, flexible, and more efficient interface to a 
data processing system. The present invention is yet further advantageous in that it provides a data 
prcx^essing system which is equally efficient with any user level language by providing a mechanism for 
referrrrig to operands in user programs by unifonn format names and instruction structure Incorporating 
dialect coded, uniform format intermediate level instructions. Additionally, the present invention protects 
data processing system internal mechanisms from user interference by providing multilevel control and 
stack mechanisms. The present Invention is yet further advantageous in providing a flexible internal 
system structure capable of performing multiple, concurrent operations, comprising a plurality of separate, 
independent processors, each having a separate microinstruction control and at least one separate and 
independent port to a central, independent communications and memory processor comprised of a 
plurality of independent processors capable of performing multiple, concurrent memory and 
communications operations. 

Other advantages and features of the present invention will be understood by those of ordinary skill In 
the art after referring to the following detailed description of the preferred embodiments and drawings 
wherein. 

BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1 is a partial block diagram of a computer system incorporating the present invention; 
Fig. 2 is a diagram illustrating computer system addressing structure of the present invention; 
Rg. 3 is a diagram illustrating the computer system instruction stream of the present invention; 
Fig. 4 is a diagram Illustrating the control structure of a conventional computer system; 
Fig. 4A is a diagram illustrati'ng the control structure of a computer system incorporating the present 
invention; 

Rg. 5 — Rg. A1 inclusive are diagrams all relating to the present invention; 
Rg. 5 is a diagram illustrating a stack mechanism; 

Rg, 6 ts a diagram illustrating procedures, procedure objects, processes, and virtual processors; 
Fig. 7 is a diagram illustrating operating levels and mechanisms of the present computer; 
Rg. 8 is a diagram illustrating a physical Implementation of processes and virtual processors; 



EP 0 067 556 B1 



Rg. 9 is a diagram illustrating a process and process stack objects; 

Fig, 10 is a diagram illustrating operation of macrostacks and secure stacks; 

Rg. 11 is a diagram Illustrating detailed structure of a stack; 

Rg. 12 is a diagram illustrating a physical descn'ptor; 

Rg. 13 is a diagram illustrating the relationship between logical pages and frames in a memory storage 



Rg. 14 is a diagram illustrating access control to objects; 
Rg, 15 is a diagram illustrating virtual processors and virtual processor swapping; 
Rg. 16 is a partial block diagram of an I/O system of the present computer system; 
'0 Rg. 17 is a diagram illustrating operation of a ring grant generator; 
Rg. 18 Is a partial block diagram of a memory system; 

Rg. 19 is a partial block diagram of a fetch unit of the present computer system; 

Fig, 20 is a partial block diagram of an execute unit of the present computer system; 

Rg. 101 is a more detailed partial block diagram of the present computer system; 
'5 Rg, 102 is a diagram illustrating certain information structures and mechanisms of the present 
computer system; 

Rg. 103 is a diagram illustrating process structures; 

Rg, 104 is a diagram illustrating a macfostack structure; 

Rg. 105 is a diagram illustrating a secure stack structure; 
20 Rgs. 106 A, B, and C are diagrams illustrating the addressing structure of the present computer 
system; 

Rg. 107 is a diagram illustrating addressing mechanisms of the present computer system; 
Rg. 108 is a diagram illustrating a name table entry; 

Rg. 109 is a diagram illustrating protection mechanisms of the present computer system; 
2S Rg. 110 Is a diagram illustrating instruction arui microinstruction mechanism of the present computer 
system; 

Rg, 201 is a detailed block diagram of a memory system; 
Rg. 202 is a detailed t>lock diagram of a fetch unit; 
Rg. 203 is a detailed block diagram of an execute unit; 
30 Rg. 204 is a detailed block diagram of an IfO system; 

Rg. 205 is a partial btock diagram of a diagnostic processor system; 

Rg. 206 is a diagram illustrating assembly of Figs. 201—205 to form a detailed block diagram of the 
present computer system; 

Rg, 207 is a detailed block diagram of a memory interface controller; 
35 Rg. 209 is a diagram of a memory to I/O system port Interface; 

Rg. 210 is a diagram of a memory operand port interface; 

Rg, 21 1 is a diagram of a memory instruction port interface; 

Rg. 230 is a detailed block diagram of memory field interface unit logic; 

Rg. 231 is a diagram illustrating nnemory format manipulation operations; 
40 Rg, 238 is a detailed block diagram of fetch unit offset multiplexer; 

Rg. 239 is a detailed block diagram of fetch unit bias logic; 

Rg. 240 is a detailed block diagram of a generalized four way, set associative cache representing name 
cache, pr^rtectlon cache, and address trarislatioh unit; 

Rg. 241 is a detailed block diagram of portions of computer system instruction and microinstruction 

45 control logic: ... 

Rg. 242 is a detailed block diagram of portions of computer system microinstruction control logic; 
Rg. 243 is a detailed blodc diagram of further portions of computer system microin^ruction control 
logic; 

Rg. 244 is a diagram Illustrating computer system states of operation; 
50 Rg. 245 is a diagram illustrating computer system states of operation for a trace trap request; 

Rg. 246 is a diagram illustrating computer system states of operation for a memory repeat interrupt; 
Rg, 247 is a diagram illustrating priority level and masking of computer system events; 
Rg. 248 is a detailed block diagram of event logic. 

Rg. 249 is a detailed block diagram of microinstruction control store logic; 
55 Rg. 251 is a diagram illustrating a return control word stack word; 

Rg. 252 is a diagram illustrating machine control words; 

Rg. 253 is a detailed block diagram of a register addr^s generator; 

Rg. 254 is a block diagram of interval and egg timers; 

Rg. 255 is a detailed block diagram of execute unit control logic; 
&i Fig, 257 is a detailed block diagram of execute unit multiplier data paths and memory; 

Rg. 260 is a diagram illustrating operation of an execute unit command queue load and interface to a 
fetch unit; . 

Rg. 261 is a diagram illustrating operation of an execute unit operand buffer load and interface to a 

fetc^iunit; ^ x i ^ 

65 Rg. 262 is a diagram illustrating operation of an execute unit storcback or transfer of results and 
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interface to a fetch unit; 

Rg. 263 is a diagram illustrating operation of an execute unit chedc test condition and interface to a 
fetch unit; 

Fig. 264 is a diagram illustrating operation of an execute unit exception test end interface to a fetch 
unit: 

Fig. 265 is a block diagram of an execute unit anthmetic operation stack mechanism; 
Rg, 266 is a diagram illustrating execute unit and fetch unit interrupt handshaking and interface; 
Rg. 267 is a diagram Illustrating execute unit and fetch unit interface and operation for nested 
Interrupts; 

Rg. 268 ts a diagram illustrating execute unrt and fetch unit Interface and operation for loading an 
execute unit control store; 

Rg. 269 is a detailed block diagram and illustration of operation of an I/O system ring grant generator; 

Rg. 270 ts a detailed block diagram of a fetch unit micromachine of the present computer system; 

Rg. 271 is a diagram iilustrattng a logical descriptor; 

Rg* 272 is a diagram illustrating use of fetch unit stack registers; 

Rg. 273 is a diagram ilustrating structures controlling event invocations; 

Rg, 301 IS a diagram illustrating pointer fomiats; 

Rg. 302 is a diagram illustrating an associated address table; 

Rg. 303 is a diagram iilustrattng a namespace overview of a procedure object; 

Rg. 304 is a diagram illustrating name table entries; 

Rg. 305 is a diagram illustrating an example of name resolution; 

Rg. 306 is a diagram illustrating name cache entnes; 

Rg. 307 is a diagram tltustratlng translation of S-interpreter universal identifiers to dialect numbers; 
Rg. 401 is a diagram illustrating operating systems and system resources; 
Rg. 402 is a diagram illustrating multiprocess operating systems; 

Fig. 403 is a diagram illustrating an extended operating system and a kernel operating system; 

Rg. 404 is a diagram illustrating an EOS view of objects; 

Rg. 405 Is a diagram illustrating pathnames to universal identifier translation; 

Rg. 406 is a diagram illustrating universal identifier detail; 

Rg. 407 is a diagram illustrating address translation with an address translation unit, a memory hash 
table, and a memory; 

Rg. 408 is a diagram illustrating hashing in an active subject table; 
Rg. 409 is a diagram illustrating logical allocation units and object; 

Rg. 410 is a diagram illustrating an active logical allocation unit table and active allocation units; 

Rg. 411 is a diagram illustrating a conceptual logical allocation unit directory structure; 

Rg. 412 is a diagram Illustrating detail of a logical allocation unit directory entry; 

Rg. 413 is a diagram illustrating universal identifiers and active object numbers; 

Rg. 416 is a diagram illustrating subject templates, primitive access control list entries, and extended 
access control list entries; 

Fig. 421 is a diagram illustrating an active primitive access matrix and an active primitive access matrix 
entry; 

Rg. 422 ts a diagram illustrating primitive data access checking; 
Rg. 448 is a diagram illustrating event counters and await entries; 
Rg. 449 is a diagram Illustrating an await table overview; 
Rg. 453 Is a diagram Illustrating an overview of a virtual processor; 
Rg. 454 Is a diagram Illustrating virtual processor synch mnization; 
Rg. 467 is a diagram Illustrating an overview of a macrostack object; 
Fig. 468 is a diagram Illustrating details of a macrostack object base; 
Rg. 469 IS a diagram illustrating details of a macrostack frame; 
Rg. 470 Is a diagram illustrating an overview of a secure stack; 
Rg. 471 is a diagram illustrating details of a secure stack frame; and, 
Rg. 472 is a diagram illustrating en overview of procedure object 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description presents the structure and operation of a computer system incorporsting a 
presently preferred embodiment of the present invention. As indicated in the following Table of Contents, 
certain features of computer system structure and operation will tirst be described in an Introductory 
Overview. Next, these and other features will be described In further detail in a more detailed Introduction 
to the detailed descriptions of the computer system. Following the Introduction^ the structure and 
operation of the computer system will be described in detail. The detailed descriptions will present 
descriptions of the structure and operation of each of the major subsystems, or elements, of the computer 
system, of the interfaces between these major subsystems, and of overall computer system operation. 
Next, certain features of the operation of the individual subsystems will be presented in further detail. 

Certain conventions are used throughout the following descriptions to enhance clarity of presentation. 
Rrst and with exception of the Introductory Overview, each figure referred to in the following descriptions 
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will be referred to by a three digit number. The most significant digit represents the number of the chapter 
tn the following descriptions in which a particular figure Is first referred to. The two least significant digits 
represent the sequential number of appearance of a figure in a particular chapter. For example, Rgure 313 
would be the nineteenth figure appearing in tfie third chapter. Rgur^ appearing in the Introductory 

^ Overview are referr^ to by a one or two digit number representing the order in which they are referred to 
in the Introductory Overview. It should be noted that certain figure numbers, for example. Figure 208, do 
not appear in ^e fbllowirtg figures and descriptions; the subject matter of these figures has t>een 
incorporated into other figures and these figures deleted, during drafting of the following descriptions, to 
enhance clarity of presentation. 

Second, reference numerals comprise a two digit number (00 — 99) preceded by the number of the 
figure in which the corresponding elements first appear. For example, reference numerals 31901 to 31999 
would refer to elements 1 through 99 appearing in Rg. 319. 

Rnally, interconnections between related drcultry is r^resented In two ways. First to enhance clarity 
of presentation, interconnections between drcultry may be represented by common signal names or 

7^ references, rather than by drawn representations of wires or buses. Second, where related drcuitry Is 
shown In two or more figures, the figures may share a comnru>n figure number and will be distinguished by 
a letter designation, for example. Figs. 319, 31 9A, and 31 9B. Common electrical points between such 
circuitry may be indicated by a bracket endosing a lead to such a point and a designation of the form 
"A— b", "A" indicates other figures having the same common point for example, 31 9A, and "b" d^ignates 

20 the particular common electrical point In cases of related drcultry shown In this manner in two or more 
figures, reference numerals to elements will be assigned in sequence through the group of figures; the 
figure number portion of such reference numerals will be that of the first figure of the group of figures. 

INTRODUCTORY OVBWIEW 
^ A. Hardware Overview (Rg. 1) 

8. Indwidual Operating Features (Rgs. Z 3, 4, 5, 6) 

1. Addressing (Rg. 2) 

2. S-Language Instructions and Namespace Addressing (Rg. 3) 

3. Architectural Base Pointer Addressing 
30 4. Stack Mechanisms (Rgs, 4-5) 

C. Procedure Processes and Virtual Processors (Fig. 6) 

D. CS 101 Overall Structure and Operation (Rgs. 7, 8, 9, 10, 1 1, 12, 13, 14, 15) 

1. Introduction (Rg. 7) 

2, Compilers 702 (Rg, 7) 
^ 3. Binder 703 (Rg. 7) 

4. EOS 704 (Rg. 7) 

5. KOS and Architectural Interface 708 (Rg. 7) 

6. Processes 610 and Virtual Processors 612 (Rg. 8} 

7. Processes 610 and Stacks (Rg. 9) 

«7 8. Processes 610 and Calls (Rgs. 10, 11) 

S. Memory References and the Virtual Memory Management System (Rg. 12, 13) 

10. Access Control (Rg. 14) 

11, Virtual Processors and Virtual Processor Swapping (Rg. 15) 

E. CS 101 Structural implementation (Rgs. 16« 17, 18, 19, 20) 
45 1. {IOS)116(Figs. 16, 17) 

2. Memory (MEM) 112 (Rg. 18) 

3. Fetch Unit (FU) 120 (Hg. 19) 

4. Execute Unit (EU) 122 (Rg. 20) 

SO 1. Introduction (Rgs. 101—110) 

A. General Structure and Operation (Rg. 101) 

a. General Structure 

b. General Operation 

c. Oefiniticn of Certain Terms 
5S d. Mutti-program Operation 

e. Multi-Language Operation 

f. Addres^ng Structure 

g. Protection Mechanism 

B. Computer System 10110 Information Structure and Mechanisms (Rgs. 102, 103, 104, 105) 
BO a* Introduction (Rg. 102) 

b. Process Strtictures 1(^10 (Rgs, 103, 104, 105) 

1. Procedure Objects (Rg. 103) 

2. Stack Mechanisms (Figs. 104, 105) 

3. FURSM 10214 (Rg. 103) 

6S C. Virtual Processor State Blocks and Virtual Process Creation (Rg. 102) 
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D. Addressing Structures 10220 (Rgs- 103, 106, 107, 108) 

1. Objects, UID's, AON's, Names, and Physical Addresses (Fig. 106) 

2. Addressing Mechanisms 10220 (Rg. 107) 

3. Name Resolution (Rgs. 103, 108) 

4. Evaluation of AON Addresses to Physical Addresses {Rg. 107) 

E. CS 10110 Protection Mechanisms (Rg. 109) 

F. CS 101 10 Micro-Instruction Mechanisms (Rg. 110) 

G. Summary of Certain CS 10110 Features and Alternate Embodiments. 

2. Detailed Description of CS 10110 Major Subsystems Rgs. 201—206, 207—274 

A. MEM 101 1 0 (Rgs. 201, 206, 207-237) 
a* Terminology 

b. MEM 10112 physical Structure (Rg. 201) 
a MEM 10112 General Operation 
' d. MEM 101 12 Port Structure 
1* 10 Port Characteristics 

2. JO Port Characteristics 

3, Jl Port Characteristics 

e. MEM 10112 Control Structure and Operation (Fig. 207) 

1. MEM 10112 Control Structure 

2. MEM 10112 Control Operation 

f. MEM 10112 Operations 

g. MEM 10112 Interfaces to JP 10114 and lOS 10116 (Rgs. 209, 210, 211, 204) 

1. 10 Port 20910 Operating Characteristics (Rgs 209, 204) 

2. JO Port 21010 Operating Characteristics (Rg. 210) 

3. Jl Port 21110 Operating Characteristics (Rg. 211) 

h. FlU 20120 {Rgs. 201, 230, 231) 

B. Fetch Unit 10120 (Rgs. 202, 206, 101, 103, 104, 238) 

1* Descriptor Processor 20210 (Rgs. 202, 101, 103, 104, 238, 239). 

a. Offset Processor 20218 Structure 

b. AON Processor 20216 Structure 

c. Length Proc^sor 20220 Structure 

d. Descriptor Processor 20218 Operation 

a. a. Offset Selector 20238 

b. b. Offset MuHiplexer 20240 Detailed Structure (Rg. 238) 
cc. Of^et Multiplexer 20240 Detailed Operation 

aaa. Internal Operation 

bbb. Operation Relative to DESP 20210 

e. Length Processor 20220 (Rg. 239) 

a. a. Length ALU 20252 

b. b. BIAS 20246 (Rg. 239) 

f. AON Processor 20216 

a. a. AONGRF 20232 

b. b. AON Selector 20248 

2. Memory Interface 20212 (Rga 106, 240) 

a A Descriptor Trap 20256 and Data Trap 20258 

b.b* Name Cache 10226, Address Translation Unit 10228, and Protection Cache 10234 (Rg. 106) 
C.C. Structure and Operation of Generalized Cache and NC 10226 (Rg. 240) 
d.d. ATU 10228 and PC 10234 

3. Fetch Unit Control Logic 20214 (Fig. 202) 

a^ Fetch Unit Control Logic 20214 Overall Structure 
b.b. Fetch Unit Control Logic 20214 Operation 

a. a.a. Prefetcher 20264, Instruction Buffer 20262, Parser 20264, Operation Code 

Register 20268, CPC 20270, IPC 20272, and EPC 20274 (Rg. 241) 

b. b.b. Fetch Unit Dispatch Table 11010, Execute Unit Dispatch Table 20266, and 

Operation Code Register 20268 {Fig. 242) 

ccc. Next Address Generator 24310 (Rg. 243) 
cc. FUCTL 20214 Circurtr/ for CS 10110 Internal Mechanisms (Rgs. 244-250) 

a^.a. State Logic 20294 (Rgs. 244A— 2442) 

b.b.b. Event Logic 20284 (Rgs. 245, 246, 247, 248) 

C.C.C Fetch Unit S-lnterpreter Table 11012 (Rg. 249) 
d.d. CS 10110 Internal Mechanism Control 

a. a.3. Return Control Word Stack 10358 (Rg. 251) 

b. b.b. Machine Control Block [Fig. ^2) 

ccc Register Address Generator 20288 (Rg. 253) 
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d. d.d. Timers 20296 (Rg. 254) 

e. e.e. Fetch Unrt 10120 Interface to Execute Unrt 10122 

C. Execute Unit 10122 IRgs. 203, 255-268) 

a. General Structure of Execute Unit 10122 

1. Execute Unit IAD 20312 

2. Execute Unit Control Logic 20310 

3. Multiplier Logic 20314 

4. Exponent Logic 20316 
a Multiplier Control 20318 

6. Test and Internee Logic 20320 

b. Execute Unit 10122 Operation (Rg. 255) 

1 . Execute Unit Control Logic 20310 (Rg. 255) 
a^. Command Queue 20342 

b.b. Command Queue Event Control Store 25514 and Command Queue Event Address 

Control Store 2^16 
cc Execute Unit S-interpreter Table 20344 

d. d. Microcode Control Decode Register 20346 

e. e. Next Address Generator 20340 

2. Operand Buffer 20322 (Rg. 256) 

3. Multiplier 20314 (Rgs. 257, 258) 

a,a. Multiplier 20314 I/O Data Paths and Memory (Rg. 257) 
a-a.3. Container Size Check 
lj.b,b, Rnal Result Output Multiplexer 20324 

4. Test and Interface Logic 20320 (Rgs. 260-268) 
QM. RJ 10120/EU 10122 Interface 

a. a^. Loading of Command Queue 20342 (Rg. 260] 

b, b.b. Loading of Operand Buffer 20320 (Rg. 261) 
C.C.C. Storeback (Fig. 262} 

d. d.d Test Conditions (Rg. 263) 

e. €.e. Exception Checking (Fig. 264) 

f. lf- Idle Routine 

g. g.g. EU 10122 Stack Mechanisms (Rgs. 265, 266, 267) 

h. hii. Loading of Execute Unit S-lnterpreter Table 20344 (Rg. 268) 

D. I/O System 101 16 (Rgs. 204, 206, 2SS) 

a. 1/0 System 10116 Structure (Fig. 204) 

b. i/0 System 10116 Operation (Rg. 269) 

1. Data Channel Devices 

2. I/O Control Processor 20412 

3. Data Mover 20410 (Rg. 269) 

a. a. Input Data Buffer 20440 and Output Data Buffer 20442 

b. b. Priority Resolution and Control 20444 (Rg. 269) 
E Diagnostic Processor 10118 (Rg. 101, 205) 

F, OS 10110 Micromachine Structure and Of^ration (Rgs. 270—274) 

a. Introduction 

b. Overview of Devices Comprising FU Micromachine (Rg. 270) 

1. Devices Used By Most Microcode 

a. a. MOD Bus 10144, JPD Bus 10142, and DB Bus 27021 

b. b. Microcode Addressing 

c. c. Descriptor Processor 20218 (Rg. 271) 

d. d. EU 10122 Interface 

2. Specialized Miownachine Devices 

a. a. Instruction Stream Reader 27001 

b. b. SOP Decoder 27003 

ac. Name Translation Unit 27015 

d. d. Memory Reference Unit 27017 

e. e. Protection Unit 27019 

f. f. KOS Micromachine Devices 

c. Micromachine Stacks and Microroutine Calls and Returns (Rgs. 272, 273) 

1. Micromachine Stacks (Rg. 272) 

2. Micromachine Invocations and Returns 

3. Means of invoking Microroutines 

4. Occurrence of Event Invocations (Rg. 273) 

d- Virtual Micromachines and Monitor Micromachine 

1. Virtual Mode 

2. Monitor Micromachine 
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e. Interrupt and Fautt Handling 

1. General Prindples 

2. Hardware Interrupt and Fault Handling in CS 10110 

3. Monitor Mode: Differential Masking and Hardware Interrupt Handling 
FU Micromachine and CS 10110 Subsystems 

Namespace, S-lnterpreters and Pointers (Figs. 301— 307, '274) 
Pointers and Pointer Resolution {Rgs. 301, 302) 

a. Pointer Formats (Rg. 301) 

b. Pointers in FU 10120 (Fig. 302) 
c Descriptor to Pointer Conversion 
Namespace and the S-lnterpreters (Rgs. 303—307) 

a. Procedure Object 606 Over>«ew (Rg. 303) 

b. Namespace 

1. Name Resolution and Evaluation 

2. The Name Table (Rg. 304) 

3. Architectural Base Pointers (Rgs. 305, 306) 
a.a. Resolving and Evaluating Names (Rg. 305) 

b»b. Implementation of Name Evaluation and Name Resolve in CS 10110 
ex. Name Cache 10226 Entries (Fig. 306) 

d. d. Name Cache 10226 Hits 

e. e. Name Cache 10226 Misses 

f,t Rushing Name Cache 10226 . 

g. g. Fetching the Instruction Stream 

h. h. Parsing the Instruction Stream 

c. The S-lnterpreters (Rg. 307) 

1. Translating SIP into a Dialect Numt>er (Rg. 307) 

2. Dispatching 

The Kernel Operation System 
introduction 

a. Operating Systems (Rg. 401) 

1, Resources Controlled by Operating Systems (Rg. 402) 

b. The Operating System in CS 10110 

c. Extended Operating System and the Kemel Operating System (Rg. 403} 
Objects and Object Mariagement (Rg. 404) 

a. Objects and User Programs (Rg. 405} 

b. UlDs 40401 (Rg. 406} 

c. Object Attributes 

d. Attributes and Access Control 

e. Implementation of Objects 

1, Introduction (Rgs 407, 408) 

2. Objects in Secondary Storage 10124 (Rgs. 409, 410). 

a.a. Representation of an Object's CU^ntents on Secondary Storage 10124 
b-b, LAUD 40903 (Rgs. 411, 412) 
a Active Objects (Rg. 413) 
aja. UID 40401 to AON 41304 Translation 
The Access Control System 

a. Subjects 

b. Donnains 

c. Access Control Lists 

1. Subject Templates (Rg, 416) 

2. Primitive Access Control Lists (PACLs) 

3. ARAM 10318 and Protection Cache 10234 (Rg. 421) 

4. Protection Cache 10234 and Protection Checking (Rg. 422) 
Processes 

1. Synchronization of Processes 610 and Virtual Processors 612 

a. Event Counters 44801, Await Entries 44804, and Awrait Tables (Rg. 448, 449) 

b. Synchronization v«th Event Countere 44801 and Await Entries 44804 
Virtual processors 612 (Rg. 453) 

a. Virtual Processor Management (Rg. 453) 

b. Virtual Processors 612 and Synchronization (Rg. 454) 
Process 610 Steele Manipulation 

1. introduction to Call and Return 

2. Macrostacks (MAS) 502 (Rg. 467) 
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a. a. MAS Base 10410 {Rg. 468) 

b. b. Per-domain Data Area 46853 (Rg. 468) 
ac MAS Frame 46709 Detail (Fig. 469) 

3. SS ^ (Fig. 470) 
* a.a. SS" Base 47CK)1 (Hg, 471) 

b.b, SS Frames 47003 (Rg. 471) 

a. a.a. Ordinary SS Frame Headers 10514 (Fig. 471) 

b. b.b. Detailed Structure of Macrostate 10515 (Rg. 471) 
cc.c. Cross-domain SS Frames 47039 (Fig. 471) 

'° 4. Portions of Procedure Object 608 Relevant to Cali and Return (Rg, 472) 

5. Execution of Mediated Calls 

a. a. Mediated Cat! SINs 

b. b. Simple Mediated Cails (Rgs. 270, 468, 469, 470, 471, 472) 

C.C. Invocations of Procedures 602 Requiring SEBs 4^64 (figs. 270, 468, 469, 470, 471, 472) 
'5 d.d. Cross-Procedure Object Calls (Rgs. 270, 468, 469, 470, 471, 472) 

e.e. Cnoss-Domain Calls (Rgs. 270, 408, 418, 468, 469, 470, 471, 472) 
f.f. Failed Cross-Domain Calls (Rgs. 270, 468, 469, 470, 471, 472) 

6. Neighborhood Calls (Rgs. 468, 469, 472) 

20 

IISITRODUCTORY OVERVIEW 
The following overview will first briefly de^ribe the overall physical structure and operation of a 
presently preferred embodiment of a digital compute- system incorporating the present invention. Then 
certain operating features of that computer system will be individually described. Next, overall operation of 
the computer system will be described in terms of those individual features. 

A. Hardware Oveiview (Rg. 1) 

Referring to Rg. 1, a block diagram of Computer System (CS) 101 incorporating the present invention is 
shown. Major elements of CS 101 are I/O System (lOS) 116, Memory (MEM) 112, and Job Processor <JP) 

30 114. JP 114 is comprised of a Fetch Unit (FU) 120 and an Execute Unit (EU) 122. CS 101 may also include a 
Diagnostic Processor (DP), not shown or described in the instant description. 

Referring first to lOS 116, a primary function of lOS 116 is control of transfer of information between 
MEM 1 12 and the outside world. Infomiatton is transferred from MEM 1 12 to lOS 1 16 through lOM Bus 130, 
and from lOS 116 to MEM 112 through MIO Bus 129. lOMC Bus 131 is comprised of bi-directional control 

35 signals coordinating operation of MEM 112 and lOS 116. lOS 116 also has an interface to RJ 120 through 
lOJP Bus 132. lOJP Bus 132 Is a bi-directional control bus comprised essentially of two interrupt lines. 
These intemipt lines allow RJ 120 to indicate to tOS 1 16 that a r^uest for information by FU 120 has been 
placed in MEM 112, and allows iOS 116 to inform FU 120 that information requested by FU 120 has been 
transferred into a location in MEM 112. MEM 112 Is CS 101's main memory and serves as the path for 

^ information transfer between the outside worid and JP 1 14. MEM 112 provides instructions and data to FU 
1 20 and EU 122 through Memory Output Data (MOD) Bus 140 and receives information from RJ 120 and EU 
122 through Job Processor Data (JPD) Bus 142. FU 1^ submits read and write requests to MEM 112 
tiirough Physical Descriptor (PD) Bus 146, 

JP 1 14 is CS 101 's CPU and, as described above, is comprised of FU 120 and EU 122, A primary function 

^ of FU 120 is executing operatior^s of user's programs. As part of this function, FU 120 controls transfer of 
instructions and data from MEM 112 and transfer of results of JP n4operatlonsback to MEM 112. FU 120 
also performs operating system type functions, and is capable of operating as a complete, general purpose 
CPU. EU 122 is primarily an arithmetic and logic unit provided to relieve FU 120 of certain arithmetic 
operations. FU 120, however, is capable of performing EU 122 operations. In alternate embodiments of CS 

so 101, EU 122 may be provided only as an option for users having particular arithmetic requirements. 
Coordination of FU 120 and EU 122 operations is accomplished through FU/EU (FUEU) Bus 148, which 
includes bi-directional control signals and mutual interrupt lines. As described further below, both FU 120 
and EU 122 contain register file arrays referred to respectwely as CRF and ERF, in addition to registers 
assodated with, for example, ALUs. 

55 A primary feature of CS 101 is that IOS 116, MEM 1 12, FU 120 and EU 122 each contain separate and 
independent microinstruction control, so that IOS 116, MEM 112, and EU 122 operate asynchronously 
under the general control of FU 120. EU 122, for example, may execute a complex arithmetic operation 
upon receipt of data arui a single, initial command from FU 120. 

Having briefly described the overall structure and operation of CS 101, certain features of CS 101 will 

GO be individually further described next below. 

B. Individual Operating Features (Rgs. 2, 3, 4, 5, 6) 
1. Addressing (Rg. 2) 

Referring to Rg. 2, a diagramic representation of portions of CS lOVs addressing structure is shown. 
65 CS 101's addressing structure is based upon the concept of Objects. An Object may be regarded as a 
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container for holding a particular type of information. For example, one type of Object may contain data 
while another type of Object may contain instructions or procedures, such as a user program. Stili another 
type of Object may contain microcode. In general, a particular Object may contain only one type or class of 
information. An Object may, for example, contain up to 232 bits of information, but the actual size of a 
^ particular Object is flexible. That is, the actual size of a particular Object will increase as information is 
written into that Object and will decrease as information is taken from that Object. In general, information 
in Objects is stored sequentially, that is without gaps. 

Each Object whirfi can ever exist in. any CS 101 system is uniquely identified by a serial number 
referred to as a Unique Identifier (UID). A UID is a 128 bit value comprised of a serial number dependent 
upon, for example, the particular CS 101 system and user, and a time code indicating time of creation of 
that Object UIDs are permanently assigned to Objects, no two Objects may have the same UID, and UIDs 
may not be reused, UIDs provide an addressing base common to all CS 101 systems which may ever exist, 
through which any Object ever created may be permanently and uniquely identi^ed. 

As described above, UIDs are 128 bit values and are thus larger than may be conveniently handled in 
'5 present embodiments of CS 101, In each CS 101, therefore, those Objects which are active (curremiy being 
used) in that system are assigned 14 bit Active Object Numbers (AOIMs). Each Object active in that systenT 
v^ll have a unique AON. Unlike UIDs, AONs are only temporanly assigned to particular Objects. AONs are 
valid only within a particular CS 101 and are not unique between systems. An Object need not physically 
reside in a system to be assigned an AON, but can be active in that system only if it has been assigned an 
2» AON. 

A particular bit within a particular Object may be identified by means of a UID address or an AON 
address. In CS 101, AONs and AON addresses are valid only within JP 114 while UIDs and UID addresses 
are used in MEM 112 and elsewhere. UID and AON addresses are formed by appending a 32 bit Offset (0) 
field to that Object's UID or AON. 0 fields indicate offset, or location, of a particular bit relative to the start of 
2ff a particular Object 

Segments of information (sequences of information bits) within particular Objects may be identified by 
means of descriptors. A UID descriptor is forn>ed by appending a 32 bit Length <L} field of a UID address. An 
AON, or logical descriptor is formed by appending a 32 bit L f\ek6 to an AON address. L fields identify length 
of a segment of information bits within an Object, starting from the information bit identified by the UID or 

30 AON address. In addition to length information, UID and logical descriptors also contain Type fields 
containing information regarding certain characteristics of the information in the information segment 
Ag^n, AON based descriptors are used within JP 114, while UID based descriptors are used in MEM 112. 

Referring to Rgs. 1 and 2 together, translation between UID addresses and descriptors and AON 
addresses and descriptors is performed at the interface between MEM 112 and JP 114. That is, addresses 

% and descriptors within JP 1 14 are in AON form while addresses and descriptors in MEM 112, lOS 116, and 
the external worid are in UID form. In other embodiments of CS 101 using AONs, transformation from UID 
to AON addressing may occur at other interfaces, for example at the IDS 1 1 6 to MEM 112 interface, or at the 
lOS 116 to external wodd interface. Other embodiments of CS 101 may use UIDs throughout, that is not use 
AONs even in JP 114. 

40 Finally, Information within MEM 112 is located through MEM 112 Physical Addresses identifying 

particular physical locations within MEM 112's menoory space. Both lOS 116 and JP 114 address 
information within MEM 112 by providing physical addresses to MEM 112, In the case of physical 
addresses provided by JP 114, these addresses are referred to as Physical Descriptors (PDs). As described 
below, JP 114 contains circurtry to translate logical descriptors into physical descriptors. 

4S 

2. S-Language Instructions and Namespace Addressing (Fig. 3) 

CS 101 is both an S-Language machine and a Namespace machine. That is, operations to be executed 
by CS 101 are expressed as S-Language Operations (SOPs) while operands are identified by Names. SOPs 
are of a lower, more detailed, level than user language instructions, for example FORTRAN and COBOL, but 

50 of a higher level than conventional machine language instructions. SOPs are specific to particular user 
languages rather than a particular embodiment of CS 101, while conventional machine language 
instructions are specific to particular machines. SOPs are in turn interpreted and executed by microcode, 
There will be an S-Language Dialect, a set of SOPs, for each user languages. CS 101, for example, may have 
SOP Dialects for COBOL, FORTRAN, and SPL A particular distinction of CS 101 is that all SOPs are of a 

55 uniform, fixed length, for example 16 bits. CS 101 may generally contain one or more sets of microcode for 
each S-Language Dialect. These microcode Dialect Sets may be completely distinct, or may overiap where 
more than one SOP utilizes the same microcoda 

As stated above, in CS 101 all operands are identified by Names, which are 8, 12, or 16 bit numbers. CS 
101 includes one or more "Name Tables" containing an Entry for each operand Name appearing in 

60 programs currentiy being executed. Each Name Table Emry contains information describing the operand 
referred to by a particular Name, and the directions necessary for CS 101 to translate that information into a 
corresponding logical descriptor. As previously described, logical descriptors may then be transformed 
into physical descriptors to read and write operands from or to MEM 112. As descrit>ed above, UIDs are 
unique for all CS 101 systems and AONs are unique within individual CS 101 systems. Names, however, are 

fi5 unique only within the context of a user's program. That is, a particular Name may appear in two different 
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user's programs and, within each program, will have different Name Table Entries and will refer to different 
operands. 

CS 101 may thereby be considered as utilizing two sets of instructions. A first set is comprised of SOPs, 
that is instructions selecting algorithms to be executed. The second set of instructions are comprised of 
5 Names, wrtiich may be regarded as entry points into tables of instructions for maldng references regarding 
operands. 

Referring to Rg. 3, a diagramic representation of CS 101 instruction stream is shown. A typical SIN is 
comprised of an SOP and may Include one or more Names refenlng to operands. SOPs and Names allow 
user's programs to be expressed in very compam code. Fewer SOPs than machine language instructions 
are required to express a user's program. Also, use of SOPs allows easier and simpl^^ construction of 
compilers, and facilitates adaption of CS 101 systems to new user languages. In addition, use of Names to 
refer to operands means that SOPs are independent of the form of the operands upon which they operate. 
This in turn allows for more compact code in expressing user programs in that SOPs specifying operations 
dependent upon operand form are not required. 

IS 

3. Architectural Base Pointer Addressing 

As vwll be described further below, a user's program residing In CS 101 will include one or nrrore 
Objects. Rrst, a Procedure Object contains at least the SINs of the user's programs and a Name Table 
containing entries for operand Names of the program. The SINs may include references, or calls, to other 
Procedure Objects containing, for example, procedures available in common to many users. Second, a 
Static Data Area may contain static data, that is data having an existence for at least a single execution of 
the program. And third, a Macro-stack, described below, may contain local data, that is data generated 
during execution of a program. Each Procedure Object, the Static Data Area and the Macro-stack are 
individual Objects identified by UlDs and AONs and addressable through UIO and AON addresses an 
^ descriptors. 

Locations of information within a user's Procedure Objects, Static Data Area, and Macro-stacic are 
. expressed as offsets from one of three values, or base addresses, referred to as Architectural Base Pointers 
(ABPs). For example, location information in Name Tables is expressed as offsets from one of the ABPs. 
ABPs may be expressed as prevtously described. 

^ The three ABPs are the Frame Pointer (FP), the Procedure Base Pointer (PBP), and the Static Data 
Pointer (SDP). Locations of data local to a procedure, for example in the procedure's Macrostack, are 
described as offsets from FP. Locations of non-local data, that is Static Data, are described as offsets from 
SDP. Locations of SINs in Procedure Objects are expressed as offsets from PBP; these offsets are 
determined as a Program Counter (PC) value. Values of the ABPs vary during program execution and are 

35 therefore not provided by the comrpiler converting a user's high level language program into a program to 
be executed in a CS 101 system.- When the program is ex«:uted, CS 101 provides the proper valu^ for the 
ABPs. When a program is actually being executed, the ABI^s values are stored in FU 120*3 GRF. 

Other pointers are used, for example, to identify the top frame of CS 101's Secure Stack (a microcode 
level stack described below) orto identify the microcode Dialect currently being used in execute the SINs of 

^ a procedure. These pointers are similar to FP, SDP, and PBP. 

4. Stack Mechanisms {Rg. 4-^) 

Referring to Rg. 4 and 4A, diagramic representations of various control levels and stack mechanisms 
of, respectively, conventional machines and CS 101, are shown. Referring first to Rg. 4, top level of control 

45 is provided by User Language Instnictions 402. for example in FORTRAN or COBOL. User Language 
Instructions 402 are converted into a greater number of more detailed Machine Language Instructions 404, 
used within a machine to execute user's programs. Within the machine. Machine Language Instructions 
404 are Interpreted and exec^ed by Microcode Instructions 406, that is sequences of microinstructions 
which in turn directly control Machine Hardware 408. Some conventional machines may include a Stack 

50 Mechanism 410 used to save cun-ent machine state, that is current microinstruction and contents of various 
machine registers, if a current Machine Language Instruction 404 cannot be executed or is interrupted. In 
general, machine state on the microcode and hardware level is not saved. Execution of a current Machine 
Language Instruction 404 is later resumed at start of the microinstruction sequence for executing that 
Machine Language Instruction 404. 

55 Referring to Fig. 4A, top level control in CS 101 is by User Language Instructions 412 as in a 

conventional machine. In CS 101, however. User Language Instructions 412 are translated imo SOPs 414 
which are of a higher level than conventional machine language instructions. In general, a single User 
Language Instruction 412 is transformed into at most two or three SOPs 414, as opposed to an entire 
sequence of conventional Machine Language Instructions 404. SOPs 414 are interpreted and executed by 

eo Microcode Instructions 416 (sequences of microinstructions) which directly control CS 101 Hardware 418. 
CS 101 includes a Macro-stack Mechanism (MAS) 420, at SOPs 414 level, which is comparable to but 
diff^ent in construction and operation from a conventional Machine Language Stack Mechanism 410. CS 
101 also includes Micro-code Stack Mechanisms 422 operating at Microcode 416 level, so that execution of 
an interrupted microinstruction of a microinstruction sequence may be later resumed vwth the particular 

65 microinstruction which was active at the tinr>e of the interrupt CS 101 is therefore more efficient in handling 
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interrupts in that execution of microinstruction sequences is resumed from the particular point that a 
microinstruction sequence was interrupted, rather from the beginning of that sequence. As wili be 
described further below, CS lOVs Wicro-code Stack Mechanisms 422 on microcode level is effectiveiy 
comprised of two stack mechanisms. The first stack is Wicro-instructlon Stack (MIS) 424 while the second 

^ stack is referred to as Monitor Stack (MOS) 426. CS 101 SIN Microcode 428 and MIS 424 are primarily 
concemed with execution of SOPs of user's programs. Monitor Microcode 430 and MOS 426 are concerned 
with operation of certain CS 101 intsmal functions. 

Division of CS lOVs microcode stacks into an MIS 424 and a MOS 426 illustrates a further feature of CS 
101. In conventional machines, monitor functions may be performed by a separate CPU operating in 
conjunction vwth the machine's primary CPU. In CS 101, a single hardware CPU is used to perform both 
funcdons with actual exeaition of both functions performed by separate groups of microcode. Monitor 
microcode operations may be initiated either by certain SINs 414 or by control signals generated directly by 
CS lOVs Hardwvare 4ia invocation of Monitor Microcode 430 by Hardware 418 generated signals insures 
that CS lOi's monitor functions may always be invoked. 

Referring to Rg. 5, a diagramic representation of CS 101,s stack mechanisms for a single user's 
program, or procedure, is shown. Basically, and with exception of MOS 426, CS IDVs stacks reside in MEM 
112 with certain portions of those stacks accelerated into FU 120 and EU 122 to enhance speed of operation. 

Certain areas of MEM 112 storage space are set aside to contain Macro-Stacks (MASs) 502, stack 
mechanisms operating on the SINs level, as described abova Other areas of MEM 112 are set aside to 

20 contain Secure Stack <SS) 504, operating on the microcode level, as described above and of which MIS 424 
is a part 

As described further below, both FU 120 and EU 122 contain register file arrays, referred to respectively 
as GRF and ERF, in addition to registers associated with, for example, ALUs, Referring to FU 120, shov«i 
therein is FU 120's GRF 506. GRF 506 is horizontally divided into three areas. A first area, referred to as 

25 Gerreral Registers (GRs) 508 may in genera! be used in the same manner as registers in a conventional 
machine. A second area of GRF 506 is Micro-Stack (MIS) 424, and Is set aside to contain a portion of a 
Process's SS 504. A third portion of GRF 506 is set aside to contain MOS 426. Also indicated in FU 120 is a 
block referred to as Microcode Control State (mCS) 510. mCS 510 represents registers and other FU 120 
hardware containing current operating state of FU 120 on the microinstruction and hardware level. mCS 

^ 510 may include, for example, the current microinstruction controlling operation of FU 120. 

Referring to EU 122, indicated therein is a first block referred to as Execute Unit State (EUS) 512 and a 
second block referred to as SOP Stack 514. EUS 512 is similar to mCS 510 in FU 120 and includes at! 
registers and other EU 122 hardware containing information reflecting EU 122's current operating state, 
SOP Stack 518 is a portion of EU 122's ERF 516 which has been set aside as a stack mechanism to contain a 

35 portion of a process's SS 504 pertaining to EU 122 operations. 

Considering first MASs 502, as stated above MASs 602 operate generally upon the SINs level. MASs 
502 are used in aeneral to store current state of a process's (defined below) execution of a user's program. 

Referrir^ next to MIS 424, in a present embodiment of CS 101 that portion of GRF 506 set aside to 
contain MIS 424 may have a capacity of eight stack frames. That is, up to 8 microinstruction level interrupts 

40 or calls pertaining to execution of a user's program may be stacked within MIS 424. Information stored in 
MIS 424 stack fram^ is generally information from GR 508 and MCS 510. MIS 424 stack frames are 
transferred between MIS 424 and SS 504 such that at least one frame, and no more than 8 frames, of SS 504 
reside in GRF 506. This insures that at least the topHnost frames of a process's SS 504 are present in FU 120, 
thereby enhancing speed of operation of FU 120 by providing rapid access to those top frames. SS 504, 

45 residing in MEM 112, may contain, for all practical purposes, an unlimited number of frames so that MIS 
424 and SS 504 appear to a user to be effectively an infinitely deep stack. 

MOS 426 resides entirely in FU 120 and, in a present embodiment of CS 101 , may have a capacity of 8 
stack frames. A feature of CS 101 operation is that CS 101 mechanisms for handling certain events or 
interrupts should not rely in its operation upon those portions of CS 101 whose operation has resulted in 

eo those faults or interrupts. Among events handled by CS 101 monitor microcode, for example, are MEM 112 
page faults. An MEM 112 page fault occurs whenever FU 120 makes a reference to data in MEM 112 and 
that data is not in MEM 11 2. Due to ^is and similar operations, MOS 426 resides entirely in FU 1 20 arKt thus 
does not rely upon information in MEM 112. 

As described above, GRs 508, MIS 424, and MOS 426 each reside in certain assigned portions of GRF 

® 506, This allows flexibility in modifying the capacity of GRs 508, MIS 424. and MOS 426 as indicated by 
experience, or to modify an individual CS 101 for particular purposes. 

Referring finally to EU 122, EUS 512 is functionally a part of a process's SS 504. Also as previously 
described, EU 122 performs arithmetic operations In response to SINs and may be intenrupted by FU 120 to 
aid certain FU 120 operations. EUS 512 allows stacking of interrupts. For example, FU 120 may first 

eo interrupt an arithmetic SOP to request EU 122 to aid In evaluation of a Name Table Entry. Before that first 
interrupt is completed, FU 120 may Interrtipt again, and so on. 

SOP Stack 514, is a single frame stack for storing current slate of EU 122 when an Interrupt interrupts 
execution of an arithmetic SOP. An interrupted SOP's state is transferred Into SOP Stack 514 and the 
interrupt begins execution in EUS 512. Upon occurrence of a second interrupt (before the first Interrupt Is 

65 completed) EU's first Interrupt state is transfen*ed from EUS 512 to a stack frame in SS 504, and execution 
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of the second interrupt begins in EUS 51 2. tf a third interrupt occurs before connpletton of second interrupt 
EU's second Interrupt state is transferred from EUS 512 to another stack frame in SS 504 and execution of 
the third interrupt is begun in EUS 51 2; and so on, EUS 512 and SS 504 thus provide an apparently infinitely 
deep microstack for EU 122. Assuming that the third interrupt is completed, state of second interrupt is 
transferred from SS 504 to EUS 512 and execution of second interrupt resumed. Upon completion of 
second interrupt state of first interrupt is transferred from SS 504 to EUS 512 and completed. After 
completion of first interrupt state of the original SOP is transferred from SOP Stack 514 to EUS 512 and 
execution of that SOP resumed, 

C Procedure Processes, and Virtual Processors (Rg. 6) 

Referring to Rg, 6, a diagramic representation of procedures, processes, and virtual processes is 
shown. As described above, a user's program to be executed is compiled to result in a Procedure 602. A 
Procedure 602 includes a User's Procedure Object 604 containing the SOPs of the user's program and a 
Name Table containing Entries for operand Names of the user's program, and a Static Data Area 606. A 
Procedure 602 may also include other Procedure Objects 608, for example utility programs available in 
common to many users. In effect a Procedure 602 contains the Instructions (procedures) and data of a 
user's program. 

A Process 610 includes, as described above, a Macro Stack (MAS) 502 storing state of execution of a 
user's Procedure e02 at the SOP level, and a Secure Stack (SS) 504 storing state of execution of a user's 
Procedure 602 at the microcode level. A Process 610 is associated with a user's Procedure 602 through the 
ABPs described above and which are stored in the MAS 502 of the Process 610. Similarty, the MAS 502 and 
SS 504 of a Process 610 are associated through non-architectural pointers, described above. A Process 602 
is effectively a body of information linking the resources, hardware, microcode, and software, of CS 101 to 
a user's Procedure 602, In effect a Process 610 makes the resources of CS 101 available to a user's 
Procedure 602 for executing of that Procedure 602. CS 101 is a multi-program machine capat>le of 
accommodating up to, for example, 128 processes 610 concunently. The numt>er of Processes 610 which 
may be executed concurrently Is detenmined by the number of Virtual Processors 612 of CS 101. There may 
be, for example, up to 16 Virtual Processors 612. 

As indicated in Fig, 6, a Virtual Processor 61 2 is comprised of a Virtual Processor State Block (VPSB) 61 4 
associated with the SS 504 of a Process 61 2. A VPSB 614 is, in effect a body of information accessible to CS 
lOTs operating system and through which CS lOI's operating system is informed of, and provided wth 
access to, a Process 610 through that process 610's SS 504. A VPSB 614 is associated with a particular 
Process 610 by writing information regarding that Process 610 into that VPSB 614. CS lOI's operating 
system may, by gaining access to a Process 610 through an associated PSB 614, read information, such as 
ASP'S, from that Process 61 0 to FU 1 20, thereby swappi ng that Process 61 0 onto Fi) 1 20 for execution. It is 
said tiiat a Virtual Processor 612theretyy executes a process 610; a Virtual Processor 612 may be regarded 
therefor, as a processor having "Virtual", or potential, ewstence which becomes "real" when its associated 
Process 610 is swapped into FU 120. In CS 101, as indicated in Rg. 6, only one Virtual Processor 612 may 
execute on FU 120 at a time and the operating system selects which Virtual Processor 612 will excecute on 
FU 120 at any given time. In addition, CS 101's operating system selects which Processes 610 will be 
associated v^th the available Virtual Processors 612. 

Hawng briefly described certain individual structural and operating features of CS 101, the overall 
operation of CS 101 will be described in further detail next below in terms of these individual features, 

D. CS 101 Overall Structure and Operation (Rgs. 7, 8, 9, 10, 11, 12, 13, 14, 15) 
1, Introduction (Rg. 7) 

As indicated in Rg. 7, CS 101 is a multiple level system wherein operations in one level are g^eratly 
transparent to higher levels. User 701 does not see the S-Language, addressing, and protection 
mechanisms defined at Architectural Level 708. Instead, he sees User Interface 709, which is defined by 
Compilers 702, Binder 703, and Extended {high level ) Operating System (EOS) 704. Compilers 702 translate 
high-level language code into SINs and Binder 703 translates symbolic Names in programs into UID-offset 
addresses. 

As Rg. 7 ^ows. Architectural Level 708 is not defined by FU 120 Interface 711. Instead, the 
architectural resources level are created by S-Language interpreted SIIMs when a program is executed; 
Name Interpreter 715 operates under control of S-Language Interpreters 705 arul translates Names into 
logical descriptors. In CS 101, both S-Language Interpreters 705 and Name interpreter 715 are implemented 
as microcode which executes on FU 120. S-Language Irrterpreters 705 may also use EU 122 to perform 
calculations. A Kernel Operating System (KOS) provides CS 101 with UlD-offset addressing, objects, access 
checking, processes, and virtual processors, described further below. KOS has three kinds of components: 
KOS Microcode 710, KOS Software 706, and KOS Tables in MEM 112, KOS 710 components are microcode 
routines which assist FU 120 in performing certain required operations. Like other high-fevel lar>guage 
routines, KOS 706 components contain SINs which are interpreted by S-lnterpreter Microcode 705. Many 
KOS High-Level Language Routines 706 are executed by special KOS processes; others may be executed 
by any process. Both KOS High-Level Language Routines 706 and KOS Microcode 710 manipulate KOS 
Tables In MEM 112. 
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FU 120 Interface 71 1 is visible only to KOS and to S-lnterpreter Microcode 705. For the purposes of this 
discussion, H) 120 may be seen as a processor which contains the following main elements: 

A Control Mechanism 725 which executes microcode stored in Writable Control Store 713 and 
manipulates RJ 120 devices as directed by this microcode. 

A GRF 506 containing registers in which data may be stored. 

A Processing Unit 715. 

All microcoda which executes on FU 120 uses these devices; there is in addition a group of devices for 
performing special functions; these devices are used only by microcode connected with those functions. 
The microcode, the specialized devices, and sometimes tables in MEM 112 make up logical machines for 
performing certain functions. These machines will be described in detail below. 

In the following, each of the levels illustrated in Rg. 7 will be discussed in tum. Rrst, the components at 
User Interface 709 will be examined to see how they translate user programs and requests into forms 
usable by CS 101. Then the components below the User Interface 709*will be examined to see how they 
create logical machines for perfonning CS 101 operations. 

2. Compilers 702 (Rg, 7) 

Compilers 702 translate files containing the high level language code written by User 701 into 
Proc^ure Objects 608. Two components of a Procedure Object 608 are code (SOPs) and Names, previously 
described. SOPs represent operations, and the Names represent data. A single SIN thus specifies an 
operation to be performed on the data represented by the Names, 

3. Binder 703 (Rg. 7) 

In some cases. Compiler 702 cannot define locations as offsets from an ABP, For example, if a 
procedure calls a procedure contairied in another procedure object, the location to which the call transfers 
control cannot be defined as an offset from the PBP used by the calling procedure. In these cases, the 
compfler uses symbolic Names to define the locations. Binder 703 is a utility which translates symtwlic 
Names into UID-offset addresses. It does so in two ways: by combining separate Procedure Objects 6(ffl 
into a single large Procedure Object 608, and then redefining symbolic Names as offsets from that 
Procedure Object 608*8 ABPs, or by translating symbolic Names when the program is executed. In the 
second case. Binder 703 requires assistance from EOS 704. 

4. EOS 704 (Rg. 7) 

EOS 704 manages the resources that User 701 requires to execute his programs. From User 701 's point 
of view, the most important of these resources are files and processes. EOS 704 creates files by requesting 
KOS to create an object and then mapping the file onto the object When a User 701 performs an operation 
on a file, EOS 704 translate the file operation into an operation on an object. KOS creates them at EOS 
704's request and makes them available to EOS 704, >ft^ich In tum makes them available to User 701 . EOS 
704 causes a process to execute by associating it a Virtual Processor 612, In logical terms, a Virtual 
Processor 612 is the means which KOS provides EOS 704 for executing processes 610. As many Processes 
610 may apparently execute simuitaneously in CS 101 as there are Virtual Processors 612. The Illusion of 
sirnultaneous execution is created by multiplexing JP 114 among the Virtual processors; the manner in 
which Processes 610 and Virtual Processors 610 are implememed will be explained in detail below. 

5. KOS and Architectural Interface 708 (Rg. 7) 

S-interpreter Microcode 710 and Name Interpreter Microcode 715 require an environment provided by 
KOS Microcode 710 and KOS Software 706 to execute SINs. For example, as previously explained. Names 
and program locations are defined in terms of ABPs whose values vary dunng execution of the pnDgram. 
The KOS environment provides values for the ABPs, and therefore makes K possible to interpret Names 
and program locations as locations in MEM 112. Similarly, KOS help is required to transform logical 
descriptors into references to MEM 112 and to perform protection checks. 
The environment provided by KOS has the following elements; 
A Process 610 which contains the state of an execution of the program for a given.User 701. 
A Virtual Processor 612 which gives the Process 610 access to JP 114. 

An Obje<^ Management System which translates UIDs into values that are usable inside JP 114. 
A Protection System which checks whetiier a Process 610 has the right to perform an operation on an 
ObjecL 

A Virtual Memory Management System which moves those portions of Objects which a Process 610 
actually references from the outside wortd into MEM 112 and translates logical descriptors into physical 
descriptors. 

In the following, the logical properties of this environment and the manner in which a program is 
executed in It will be cxplained. 

6. Processes 610 and Virtual Processors 612 (Rg. 8) 

Processes 610 and Virtual Processors 612 have already been described in logical terms; Rg. 8 gwes a 
high-level view of their physical implementation. 
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Rg. 8 illustrates the relationship between Processes 610, Virtual Processors 612, and JP 114. In physical 
terms, a Process 610 is an area of MEM 112 which contains the current state of a user^s execution of a 
progrann. One example of such state is the current values of the ABPs and a progranf\ Counter (PC). Given 
the current value of the PBP and the PC, the next SOP in the program can be executed; similariy, given the 
*5 current values of SDP and FP, the program's Names can be correctly resoh/ed. Since the Process 610 
contains the current state of a program's execution, the program's physical execution can be stopped and 
resumed at any point. It is thus possible to control program execution by means of the Process 610, 

As already mentioned^ a process 610's execution proceeds only when KOS has bound it to a Virtual 
Processor 612, that is, an area of MEM 1 1 2 containing the state required to execute microinstructions on JP 
114 hardware. The operation of binding is simply a transfer of Process 61 0 state from the Process 61 Cs area 
of MEM 112 to a Virtual Processor 612*3 area of MEM 112. Since binding and unbinding may take place at 
any time, EOS 704 may multiplex Processes 610 among Virtual Processors 612. In Fig. 8, there are more 
Precedes 610 than there are Virtual Processors 612. The physical execution of a Process 610 on JP 114 
takes place only while the Process 610's Virtual Processor 612 is bound to JP 114, Le., when state is 
transferred from Virtual Processor 61 2's area of MEM 1 12 to JP 1 14's registers. Just as EOS 704 multiplexes 
Virtual Processors 612 among Processes 610, KOS multiplexes JP 1 14 among Virtual Processors 612. In Fig. 
8, only one Process 610 is being physically executed. The means by which JP 114 is multiplexed among 
Virtual Processors 612 vw'tl be described in further detail below. 

20 7. Processes 610 and Stacks (Rg. S) 

In OS 101 systems, a Process 610 is made up of sbc Objects: one Process Object 901 and Five Stack 
Objects 902 to BOB. Rg. 9 illustrates a Process 610. Process Object 901 contains the information which EOS 
704 requires to manage the Process 610. EOS 704 has no direct access to Process Object 901, but instead 
obtains the information h needs by means of functions provided to it by KOS 706, 710. Included in the 

^5 information are the UIDs of Stack Objects OT2 through 90a Stack Objects 902 to 906 contain the Process 
610's state. 

Stack Objects 902 through 905, are required by CS 101's domain protection method and comprise 
Process 610's MAS 502. Briefly, a domain is determined in part by operations performed when a system is 
operating in that domain. For example, the system is in EOS 704 domain when executing EOS 704 

30 operations and in KOS 706, 710 domain when executing KOS 706, 710 operations. A Process 610 must have 
one stack for each donnain it enters. In the present embodiment, the number of domains is fixed at four, but 
alternate embodiments may allow any number of domains, and correspondingly, any number of Stack 
Objects. Stack Object M)6 comprises Process 610's Secure Stack 504 and is required to store state which 
may be manipulated only by KOS 706, 710. 

35 Each invocation made by a Process 610 results in the addition of frames to Secure Slack 504 and to 

Macro-Stack 502, The state stored in the Secure Stack 504 frame include the macrostate for the invocation, 
the state required to bind Process 610 to a Virtual Processor 61Z The frame added to Macro-Stack 502 Is 
placed in one of Stack Objects 902 through 905. Which Stack Objects 902 to 905 gets the frame is 
determir^ by the invoked procedure's domain of execution. 

^ Rg. 9 shows the condition of a Process 610's MAS 502 and Secure Stack 504 after the Process 610 has 

executed four invocations, Secu re Stack 504 has one frame for each invocation; the frames of Process 610's 
MAS 502 are found in Stack Objects 902, 904, and 9Cffi. As revealed by their locations. Frame 1 is for an 
invocation of a routine with KOS 706, 710 domain of execution. Frame 2 for an Invocation of a routine with 
the EOS 704 domain of execution, and Frames 3 and 4 for invocations of routines with the User domain of 

^ execution. Process 610 has not yet invoked a routine with the Data Base Management System (DBMS) 
domain of execution. The frames in Stack Objects 902 through 905 are linked together, and a frame is 
added to or removed from Secure Stack 504 every time a frame is added to Stack Obj^sts 902 through 905. 
MAS 502 and Secure Stack 504 thereby function as a single logical stack even though logically contained in 
five separate Objects. 

50 

8. Processes 610 and Calls (Rgs. 10, 11) 

In The CS 101, calls and returns are executed by KOS 706, 710. When KOS 706, 710 performs a call for a 
process, it does the following: 

It saves the calling invocation's macrostate in the top frame of Secure Stack 504 {Rg. 9). 
55 It locates the procedure whose Name is contained in the call. The location of the first SIN in the 

procedure becomes the new PBP. 

Using information contained in the called procedure, KOS 706, 710 creates a new MAS 502 frame in 
the proper Stack Object 902 tiirough 905 and a new Secure Stack 504 frame in Secure Stack 504. FP is 
updated to point to the new MAS 502. If necessary, SDP is also updated. 
60 Once the values of the ABPs have been updated, the PC is defined. Names can be resoh/ed, and 

execution of the invoked routine can commence. On a return from the Invocation to the invoking routine, 
the stack frames are deleted and the ABPs are set to the values saved in the invoking routine's macrostate. 
The invoking routine then continues execution at the point following the invocation. 

A Process 610 may be illustrated in detail by putting the FORTRAN statement A + B into a FORTRAN 
^ routif^ called EXAMPLE and invoking it from another FORTRAN routine named CALLER. To simplify the 
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eocample, ft is assumed that CALLER and EXAMPLE both have the same domain of execution. The parts of 
EXAMPLE which are of interest look like this: 

SUBROUTINE EXAMPLE (C) 

INTEGER X,C 

INTEGER A3 



A = B 



RETURN 
END 

The new elements are a formal argument C, and a new local variable, X. A formal argument is a data 
item which receives its value from adata item used In the Invoking routine. The formal argument's value 
thus varies from invocation to invocation. The portions of INVOKER which are of interest look like this: 

SUBROUTINE INVOKER 

INTEGER Z 



CALL EXAMPLE (Z) 



END 

The CALL statement in INVOKER specifies the Name of the subroutine being invoked and the actual 
arguments for the subroutine's formal arguments. During the invocation, the subroutine's formal 
arguments take on the values of the actual arguments. Thus, during the Invocation specified by this CALL 
statement, the formal argument C will have the value represented by the variable Z in INVOKER. 

When INVOKER ts compiled, the compiler produces a CALL SIN corresponding to the CALL statement 
The CALL SIN contains a Name representing a pointer to the beginning of the called routine's location in a 
procedure object and a list of Names representing the call's actual arguments. When CALL is executed, the 
Names are interpreted to resolve the SIN's Names as prevlou^y described, and KOS 710 microcode to 
perform MAS 502 and Secure Stack 504 operations, 

Rg. 10 Illustrates the manner in which the KOS 710 call microcode manipulates MAS 502 and Secure 
Stack 504. 

Hg. 10 includes the following elements: 
Call Microcode 1001, contained in FU 120 Writable Control Store 1014. 

PC Device 1002, which contains part of macrostate belonging to the invocation of INVOKER which is 
executing the CALL statement 

Registers in FU Registers 1014, Registers 1004 contents include the remainder of macrostate and the 
descriptors corresponding to Names for EXAMPLE'S location and the actual argunnent 2. 

Procedure Object 1006 contains the entries for INVOKER and EXAMPLE, their Name Tables, and their 

code. 

Macro-Stack Object 1008 (MAS 502) and Secure Stack Object 1010 (Secure Stack 504) contain the 
st^ frames for the invocations of INVOKER and EXAMPLE being discussed here. EXAMPLE'S frame Is in 
the same Macro-Stadc object as INVOKER's frame because both routine are contained in the same 
Procedure Object 1006, and therefore have the same domain of execution. 

KOS Call Microcode 1001 first saves the macrostate of INVOKER's invocation on Secure Stack 504. As 
will be discussed later, when the state Is saved, KOS 706 Call Microcode 1001 uses other KOS 706 
microcode to translate the location information contained in the macrostate into the kind of pointers used 
in MEM 112. Then Microcode 1001 uses the descriptor for the routine Name to locate the pointer to 
EXAMPLE'S entry in Procedure Object 1006. From the entry, it locates pointers to EXAMPLE'S Name Table 
and the beginning of EXAMPLE'S code. Microcode 1001 takes these pointers, uses other KOS 706 
microcode to translate them into descriptors, arid places the descriptors in the locations in Registers 1004 
reserved for the values of the PBP and NTP. It then updates the values contained in PC Device 1002 so that 
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when the call is finished, the next SIN to be executed will be the first SIN in EXAMPLE. 

CALL Microcode 1001 next constructs the frames for EXAMPLE on Secure Stack 504 and Macro-Stack 
502. This discussion concerns itself only with Franr\e 1102 on Macro-Stack 502. Fig. 11 illustrates 
EXAMPLE'S Frame 1102. The sire of Frame 1102 is determined by EXAMPLE'S local variables (X, A, and B) 

5 and formal arguments (C). At the bottom of Frame 1102 is Header 1104. Header 1104 contains information 
used by KOS 706, 710 to manage the stack. Next comes Pointer 1106 to the location which contains the 
value represented by the argument C. In the invocation, the actual for C is the local variable 2 In INVOKER. 
As is the case with all local variables, the storage represented by 2 is contained in the stack frame 
belonging to INVOKER's invocation. When a name interpreter resolved Cs name, it placed the descriptor in 

JO a register. Call Microcode 1001 takes this descriptor, converts it to a pointer, and stores the pointer above 
Header 1104. 

Since the FP ABP points to the location following the last pointer to an actual argument. Call Microcode 
1001 can now calculate that location, convert it into a descriptor, and place rt In a FU Register 1004 reserved 
for FP, The next step is providing storage for EXAMPLE'S local variables. EXAMPLE'S procedure Object 
IS 1006 contains the size of the storage required for the local variables, so Call Microcode 1001 obtains this 
information from procedure Obfect 1006 and adds that much storage to Frame 1102. Using the new value 
of FP and the Information contained in the Name Table Entries for the local data. Name Interpreter 715 can 
now cofistruct descriptors for the local data. For example, A's entry in Name Table specified that it was 
offset 32 bits from FP, and was 32 bits long. Thus, its storage falls between the storage for X and B in Rgure 

20 tl. 

9. Memory References and the Virtual Memory Managment System (Rg. 12, 13) 

As already explained, a logical descriptor contains an AON field, an offset field, and a length field. Fig. 
12 illustrates a Physical Descriptor. Physical Descriptor 1202 contains a Frame Number (FN) field, a 

25 Displacement (D) field, and a Length (L) field. Together, the Frame Number field and the Displacement field 
specify the location In MEM 112 containing the data, and the Length field specifies the length of the data. 

As is dear from the above, the virtual memory management system must translate the AON-offset 
location contained in a logical descriptor 1204 into a Frame Number*Displacement location. It does so by 
associating logical pages with W^M 112 frames. (N.B: MEM 112 frames are ruit to be confused with stack 

30 frames). Fig. 13, illustrates how Macrostack 502 Object 1302 is divided into Logical Pages 1304 in s«x>ndary 
memory and how Logical Pages 1304 are moved onto Frames 1306 in MEM 112. A Frame 1306 is a fixed- 
size, contiguous area of MEM 112. When the virtual memory management system brings data Into MEM 
112, it does so in frame-sized chunks called Logical Pages 1308. Thus, from the >^rtual memory system's 
point of view, each object is divided into Logical Pages 1308 and the address of data on a page consists of 

35 the AON of the data's Object the number of pages in the object, and its displacement on the page. In Rg. 
13, the location of the local variable B of EXAMPLE is shown as it is defined by the virtual memory system. 
B's location is a UID and an offset or. inside JP 114, an AON and an offset As defined by the virtual 
memory system, B's location is the AON, the page number 1308, and a displacement within the page. 
When a process referer>ces the variable B, the virtual memory management system moves all of Logical 

40 Page 1308 into a MEM 112 Frame 130a B's displacement remains the same, and the wrtual memory system 
translates its Logical Page Number \308 into the number of Frame 1306 in MEM 112 which contains the 
page. 

The virtual memory n>anagement system must therefore perform two kinds of trandations: (1) AON- 
offset addresses into AON-page nuniber-displacement addresses, and (2) AON-page number into a frame 
45 number. 

10. Access Control (Rg. 14) 

Each time a reference is made to an Object KOS 706, 710 checks whether the reference is legal. The 
following discusson will first present the logical structure of access control in CS 101, and then discuss the 
so microcode aiKl devices which implement it 

CS 1 01 defines access in terms of subjects, modes of access, and Object size. A process may reference 
a data item located in an Object ff three condttions hold: 

1) If the process's subject has access to the Object 

2) If the modes of access specified for the subject include those required to perform the intended 
5S operation. 

3) If the data item is completely contained in the Object, i.e., if the data item's length added to the data 
item's offset do not exceed the number of bits in the Object 

The subjects which have access to an Object and the kinds of access they have to the Objea are 
specffied by a data structure associated with the Object called the Access Control List (ACL). An Object's 
60 size is one of its attributes. Neither an Object's size nor its ACL is contained in the Object Both are 
contained in system tables, and are accessible by means of the Object's UID. 

Rg. 14 shows the logical structure of access control in CS 101. Subject 1408 has four components: 
Principal 1404, Process 1405, Domain 1406, and Tag 1407. Tag 1407 is not implemented in a present 
embodiment of CS 101, so the following description will deal only with principal 1404, Process 1405, and 
65 Domain 1406. 
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Principal 1404 specifies a user for which the process which is making the reference was created; 
Process 1405 specifies the process which is making the reference; and. 

Domain 1406 specifies the domain of execution of the procedure which the process is executing 
when it makes the reference. 
^ Each component of the Subject 1408 is represented by a UID. K the DID is a null UiD, that component of 

the subject does not affect access checking. Non*nuli UIOs are the UIDs of Objects that contain information 
about the subject components. Principal Object 1404 contains identification and accounting information 
regarding system users. Process Object 1405 contains process management information, and Domain 
Object 1406 contains information about per-domain error handlers. 

There may be three modes of accessing an Object 1410: read, write, and execute. Read and write are 
self-explanatory; execute is access which allows a subject to execute instructions contained in the Object. 

Access Control Lists (ACLs) 1412 are made up of Entries 1414. Each entry two components: Subject 
Template 1416 and Mode Specifier 1418. Subject Template 1416 specifies a group of subjects that may 
reference the Object and Mode Specifier 1 41 8 specifies the kinds of access these subjects nnay have to the 
Object. Logically speaking, ACL 1412 is checked each time a process references an Object 1410, The 
reference may succeed only if the process's current Subject 1408 is one of those on Object 141 0*8 ACL 1412 
and if the modes in the ACL Entry 1414 for the Subject 1408 allow the kind of access the process wishes to 
make. 

20 11. Virtual Processors and Virtual Processor Swapping (Fig. 15) 

As previously mentioned, the execution of a program by a Process 610 cannot take place unless EOS 
704 has bound the Process 610 to a Virtual Processor 612. Physical execution of the Process 610 takes place 
only whiJe the process's Virtual Processor 612 is bound to JP 114. The following discussion deals with the 
data bases belonging to a Virtual Processor 612 and the means by which a Virtual Proces^r 612 is bound to 

2ff and removed from JP 114. 

Fig. 1 5 Illustrates the devices and tables which KOS 706, 710 uses to implement Virtual Processors 612. 
FU 120 WCS corrtains KOS Microcode 706 for binding Virtual Processors 612 to JP 114 and removing them 
from JP 114. Timers 1502 and Interrupt Line 1504 are hardware devices which produce signals that cause 
the invocation of KOS Microcode 706. Timers 1502 contains two timing devices: Inter^I Timer 1506, which 

30 may be set by KOS 706, 710 to signal when a certain time is reached, and Egg Timer 1508, which 
guarantees that there is a maximum time interval for v*rtiich a Virtual processor 612 can be bound to JP 1 14 
before it invokes KOS Microcode 706. Interrupt Line 1504 becomes active when JP 1 14 receives a message 
from lOS 116, for example when lOS 116 has finished loading a logical page into MEM 112. 

FU 120 Registers 508 contain state belonging to the Virtual Processor 612 currently bound to JP 114, 

^ Here, this Virtual Processor 612 is called Virtual Processor A. In addition. Registers 508 contain registers 
reserved for the execution of VP Swapping Microcode 1510, ALU 1942 (part of FU 120) is used for the 
descriptor-to-pointer and pointer-to-descriptor transformations required when one Virtual Processor 612 is 
unbound from JP 114 and another bound to JP 114. MEM 112 contains data bases for Virtual Processors 
612 and data bases used by KOS 706, 710 to manage Virtual Processors 612. KOS 706, 710 provides a fixed 

^ number of Virtual Processors 612 for CS 101. Each Virtual Processor 612 is represented by a Virtual 
Processor State Block (VPSB) 614, Each VPSB 614 contains infomwition used fay KOS 706, 710 to manage 
the Virtual Proces^r 612, and in addition contains Information associating the Virtual Processor 612 with a 
process. Rg. 15 shows two VPSBs 614, one belonging to Virtual Processor 612A, and another belonging to 
>^rtual Processor 612B, which will replace Virtual Processor 612A on JP 1 14. The VPSBs 614 are contained 

45 in VPSB Array 1512. The index of a VPSB 614 in VPSB Anray 1512 is Virtual Processor Number 1514 
belonging to the Virtual Processor 612 represented by a VPSB 614. Virtual Processor Lists 1516 are lists 
which KOS 706, 710 uses to manage Virtual Processors 612. If a Virtual Processor 612 Is able to execute, its 
Virtual Processor Number 1514 is on a list called the RunnabJe List; Virtual Processors 612 which cannot 
run are on other lists, depending on the reason why they cannot run. It is assumed that Virtual Processor 

50 61^2B's Virtual Processor Number 1514 is the first one on the Runnable List 

When a process is bound to a Virtual Procesor 612, the Virtual Processor Number 1514 is copied Into 
the process's Process Object 901 and the AONs of the process's Process Object 901 and stacks are copied 
into the Virtual Processor 612's VPSB 614. (AONs are used because a process's stacks are wired active as 
long as the process is bound to a Virtual Proctor 612). Binding is carried out l>y KOS 706, 710 at the 

55 request of EOS 704. In Fig. 15^ two Secure Stack Objects 906 are shown, one belonging to the process to 
which Virtual Processor 61 2A is bound, and one belonging to that to which Virtual Processor 61 2B is bound. 

Having described certain overall operating features of CS 101, a present implementation of CS 101's 
structure will be described further next below. 

6D £. CS 101 Structural Implementation (Rgs. 16. 17. 18. 19, 20) 
1. (lOS) 116(Rgs. 16,17) 

Referring to.Fig. 16, a partial block diagram of lOS 1 16 is shown. Major elements of lOS 116 include an 
ECUPSE® Burst Multiplexer Channel (BMC) 1614 and a NOVA® Data Channel (NDC) 1616, an 10 Controller 
(IOC) 1618 and a Data Mover (DM) 1610. lOS 116*8 data channel devices, for example BMC 1614 and NDC 
6S 1616, comprise lOS 116's interface to the outside worid. Information and addresses are received from 
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external device, such as disk drives, communications modes, or other computer systems, by lOS 116's 
data channd devices and are transferred to DM 1610 (described beiow) to be written into MEM 112. 
Similariy, information read from MEM 112 Is provided through DM 1610 to lOS 116's data channel devices 
and thus to the above described external devices. These external devices are a part of CS 101's addressable 
^ memory space and may be addressed through UID addresses. 

IOC 1618 is 3 general purpose CPU, for example an ECLIPSE® computer available from Data General 
Corporation. A primary function of IOC 1618 is control of data transfer through I0S116. In addition, IOC 
1618 generates individual Maps for each data channel device for translating external device addresses into 
physical addresses within MEM 112. As indicated in Rg. 16. each data channel device contains an 
individual Address Translation Map (MAP) 1632 and 1636. This allows lOS 116 to assign individual areas of 
MEM n2's physical address space to each data channel device. This feature provides protection against 
one data channel device writing into or reading from information belonging to another data channel 
device. In addition, IOC 1618 may generate overiapping address translation Maps for two or more data 
channel devices to allow these data channel devices to share a common area of MEM 1 12 physical address 
space. 

Data transfer between lOS 116's data channel de^nces and MEM 112 Is through DM 1610, which 
includes a Buffer memory (BUR 1641. BUF 1641 allows MEM 112 and lOS 116 to operate asychronously, 
DM 1610 also includes a Ring Grant Generator (RGG) 1644 which controls access of various data channel 
devices to MEM 112. RGG 1644 is designed to be flexible in apportioning access to MEM 112 among lOS 

20 1 16^s data channel devices as loads carried by various data channel device varies. In addition, RGG 1644 
insures that no one, or group, of data channel devices may monopolize access to MEM 112. 

Referring to Rg. 17, a diagramic representation of RGG 1644's operation is shown. As described further 
in a following description, RGG 1644 may be regarded as a commutator scanning a number of ports which 
are assigned to various chann^ devices. For example, ports A, C, E, and G may be assigned to a BMC 1614, 

^ ports B and F to a NDC 1616, and ports D and H to another data channel devica RGG 1644 will scan each of 
these ports in turn and, rfthe data channel devii^ associated with a particular port Is requesting access to 
MEM 112, will grant acx»ss to MEM 1 12 to that data channel device. If no reque^ Is present at a given port, 
RGG 1644 will continue Immediately to the next port Each data channel device assigned one or more ports 
is thereby insured opportunity of access to MEM 112. Unused ports, for example indicating data diannel 

30 devices which are not presently engaged In information transfer, are effedivoly skipped over so that access 
to MEM 1 12 is dynamically nrKxTd^ed according to the information transfer loads of the various data channel 
devices. RGG 1644's ports may be reassigned among lOS 1 16's various data channel devices as required to 
suit the needs of a particular CS 101 system. If, for example, a particular CS 101 utilizes NDC 1616 more 
than a BMC 1614, that CS lOVs NDC 1616 may be assigned more ports while that CS lOTs BMC 1614 is 

3S assigned fewer ports. 

2. Memory (MEM) 112 (Rg. 18) 

Referring to Rg. 18, a partial block diagram of MEM 112 is shown. Major elements of MEM 112 are 
Main Store Bank (MSB) 1810, a Bank Controller (BC) 1814, a Memory Cache (MC) 1816, a Retd Interface Unit 

40 (RU) 1820, and Memory Interface Controller (MIC) 1822. Interconnections of these elements with input and 
output buses of MEM 112 to iOS 116 and JP 114 are indicated. 

MEM 112 is an intelligent, prioritiang memory having a single port to IOS 116, comprised of tOM Bus 
1 30, MIO Bus 129, and lOMC Bus 131, and dual ports to JP 1 14. A first JP 1 14 port is comprised of MOD Bus 
140 and PD Bus 146, and a second port is comprised of JPD Bus 142 and PD Bus 146. In general, all data 

45 transfers from and to MEM 112 by IOS 116 and JP 114 are of single, 32 bit words; lOM Bus 130, MIO Bus 
129, MOD Bus 140, and JPD Bus 142 are each 32 bits wide. CS 101, however, Is a variable word length 
machine wherein the actual physical width of data buses are not apparent to a user. For example, a Name 
in a user's program may refer to an operand containing 97 bits of data. To the user, that 97 bit data item will 
appear to be read from MEM 112 to JP 114 in a single operation. In actuality, JP 114 will read that operand 

so from MEM 112 in a series of read operations referred to as a string transfer. In this example, the string 
transfer will comprise three 32 bit read transfers and one single bit read transfer. The final single bit 
transfer, containing a single data bit, vnW l>e of a 32 bit word wherein one bit Is data and 31 bits are fill. Write 
operations to MEM 1 1 2 may be performed in the same manner. If a sing le read or vwite request to MEM 112 
specifies a data item of less than 32 bits of data, that transfer will be accomplished In the same manner as 

s the final transfer described above. That is, a single 32 bit word will be transferred wherein non-data bits are 
fill bits. 

Bulk data storage in MEM 112 is provided in MSB 1810, which is comprised of one or more Memory 
An^y cards {MAs) 1812. The data path into and out of MA 1812 is through BC 1814, which performs all 
control and timing functions for MAs 1812. BC 1814's functions Include addr^sing, transfer of data, 
fio controlling whether a read or write operation is performed, refresh, sniffing, and error correction code 
operations. Ail read and write operations from and to MAs 1812 through BC 1814 are in blocks of four 32 bit 
words. 

The various MAs 1812 comprising MSB 1810 need not be of the same data storage capacity. For 
example, certain MAs 1812 may have a capacity of 256 kilobytes while other MAs 1812 may have a capacity 
65 of 512 Idlobytes. Addressing of the MAs 1812 in MSB 1810 is automatically adapted to various MA 1812 
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configurations. As indicated in Rg. 18, each MA 1812 contains an address circuit (A) which receh/es an 
input from the next lower MA 1812 indicating the highest address in that next lower MA 1812. The A circuit 
on an MA 1812 also receives an input from that MA 1812 indicating the total address space of that MA 1812. 
The A circuit of that MA 1812 adds the highest address input from next lower MA 1812 to its own input 
representing its own capacity and generates an output to the next MA 1812 indicating its own highest 
address. Ail MAs 1812 of MSB 1810 are addressed in parallel by BC 1814, Each MA 1812 compares su<^ 
addresses to its input from the next lower MA 1812, representing highest address of that next lower MA 
1812, and its own output representing its own highest address, to determine whether a particular address 
provided by BC 1814 lies within the range of addresses contained within that particular MA 1812. The 
particular MA 1812 whose address space includes that address will then respond by accepting the read or 
write request from BC 1814, 

MC 1816 is the data path for transfer of data between BC 1814 and lOS 116 and JP 114. MC 1816 
contains a high speed cache storing data from MSB 1810 which is currently being utilized by either lOS 116 
or JP 114. MSB 1810 tiiereby provides MEM 112 with a large storage capacity while MC 1816 provides the 
appearance of a high speed memory. In addition to operating as a cache, MC 1816 includes a bypass write 
path which allows lOS 1 16 to write blocks of four 32 bit words directly into MSB 1810 through BC 1 814. In 
addition, MC 1816 includes a cache write-back path whi«^ allows data to be transferred out of MC 1816's 
cache and stored while further data is transferred into MC 1816's cache. Displaced data from MC 1816's 
cache may then be written back into MSB 1810 at a later, more convenient time. This write-back path 
enhances speed of operation of MC 1816 by avoiding delays incurred by transferring data from MC 1816 to~ 
MSB 1810 before new data may be written Into MC 1816. 

MEM 112's FlU 1820 allows manipulation of data formats in writes to and reads from MEM 112 by both 
JP 114 aid tOS 116. For example, RU 1820 may convert unpacked dedmal data to packed decimal data, 
and vice versa. In addition, RU 1820 allows MEM 1 12 to operate as a bit addressable memory. For example, 
as described all data transfers to and from MEM 1 12 are oif 32 bit words. If a data transfer of less than 32 bits 
is required, the 32 bit word containing those data bits may be read from MC 1816 to RU 1820 and therein 
manipulated to extract the required data bits. RU 1820 then generates a 32 bit word containing those 
required data bits, plus fill bits, and provides that new 32 bit word to JP 1 14 or lOS 116. When vwiting into 
MEM 112 from lOS 116 through RU 1820, data is transferred onto iOM Bus 130, read Into RU 1820, 
operated upon, transferred onto MOD Bus 140, and transferred from MOD Bus 140 to MC 1816, In read 
operations from MEM 112 to lOS 1 16, data is transfenred from MC 1816 to MOD Bus 140, written into RU 
1820 and operated upon, and transferred onto MIO Bus 129 to ICS lia In a data read from MEM 112 to JP 
114, data is transferred from MC 1816 onto MOD Bus 140, transferred into RU 1820 and operated upon, and 
transferred again onto MOD Bus 140 to JP 114. In write operations from JP 114 to MEM 1 12, data on JPD 
Bus 142 is transfen^ into RU 1820 and operated upon, and is then transferred onto MOD Bus 140 to MC 
1816. MOD Bus 140 is thereby utilired as an MEM 112 internal bus for FlU 1820 operations. 

Hnally, MIC 1822 provides primary control of BC 1814, MC 1816, and RU 1820. MIC 1822 recewes 
control inputs from and provides control outputs to PD Bus 146 and lOMC Bus 131, MIC 1822 coritains 
primary microcode control for MEM 112, but BC 1814, MC 1816, and RU 1820 each include intemal 
micnocode control. Independent, intemal microcode controls allow BC 1814, MC 1816, and RU 1820 to 
operate independenUy of MIC 1822 after their operations have been initiated by MIC 1822. This allows BC 
1814 and MSB 1810, MC 1815, and RU 1820 to operate independently and asynchronously. Efficiency and 
speed of operation of MEM 112 are thereby enhanced by allowing pipelining of MEM 112 operations. 

3. Fetch Unit (FU) 120 (Rg. 19) 

A primary function of FU 120 is to execute SINs. In doing so, FU 120 fetches instructions and data 
<SOPs and Names) from MEM 112, returns results of operations to MEM 112, directs operation of EU 122, 
executes instructions of user's programs, and performs the various functions of CS Id's operating 
systems. As part of these functions, FU 120 generates and manipulates logical addresses and descriptors 
and is capable of operating as a general purpose CPU. 

Referring to Rg, 19, a major element of FU 120 is the Descriptor Processor (DESP) 1910. DESP 1910 
includes General Register RIe (GRR 506. GRF 506 is a large register array divided vertically into three parts 
which are addressed in parallel. A first part, AONGRF 1932. stores AON fields of logical addresses and 
descriptors. A second part, OFFGRF 1934, stores offset fields of logical addresses and descriptors and is 
utilized as a 32 bit wide general register array. A third portion GRF 506, UENGRF 1936, is a 32 bit wide 
register array for storing length fields of logical descriptors and as a general register for storing data. 
Primary data patii from MEM 112 to FU 120 is through MOD Bus 140, which provides inputs to OFFGRF 
1934. As indicated in Rg, 19, data may be transferred from OFFGRF 1934 to inputs of AONGRF 1932 and 
LENGRF 1936 through various interconnections. Similarly, outputs from l£NGRF 1936 and AONGRF 1932 
may be transferred to inputs of AONGRF 1932, OFFGRF 1934, and LENGRF 1936. 

Output of OFFGRF 1934 is connected to inputs of DESP igiCs Arithmetic and Logic Unit (ALU) 1942. 
ALU 1942 is a general purpose 32 bit ALU which may be used in generating and manipulating logical 
addr^es and descriptors, as distinct from general purpose arithmetic and logic operands performed by 
MUX 1940. Output of ALU 1942 is connected to JPD Bus 142 to allow results of arithmetic and logic 
operations to be transferred to MEM 112 or EU 122, 
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Also connected from output of OFFGRF 1934 is Descriptor Multiplexer (MUX) 1940. An output of MUX 
1940 is provided to an input of ALU 1942. MUX 1940 is a 32 bit ALU, including an accumulator, for data 
manipulation operations. MUX 1940, together with ALU 1942, allows DESP 1910 to perform 32 bit 
arithmetic and logic operations. MUX 1940 and ALU 1942 may allow arithmetic and logic oPf rations upon 
s operands of greater than 32 bits by performing successive operations upon successive 32 brt words of 

'^"^LoS^dScriptors or addresses generated or provided by DESP 1910. are provided to Logical 
Descriptor (LD> Bus 1902, LD Bus 1902 in turn is connected to an input of Address Translation Unit (ATU) 
1928 ATU 1928 is a cache mechanism for converting logical descriptors to MEM 112 physical descriptors. 
10 LD Bus 1902 is also connected to write input of Name Cache (NC) 1926. NC 1926 is a cache mechanism 
for storing logical descriptors corresponding to operand Names currentiy being used in user's programs. 
As previously described Name Table Entries corresponding to operands currently being used in user's 
programs are stored in MEM 1 12. Certain Name Table Entries for operands of a user's program currently 
being executed are transferred from those NameTables in MEM 1 12 to FU 120 and are therein evaluated to 
IS generate corresponding logical descriptors. These logical descriptors are then stored in NC 1 926. As win oe 
described further below, the instruction stream of a user's program is provided to FU 120-8 Instruction 
Buffer (IB) 1962 through MOD Bus 140. FU 120's Parser (P) 1964 separates out or parses. Names from IB 
1962 and provides those Names as address inputs to NC 1924. NC 1924 in turn P^vides logical xlescnptor 
outputs to LD Bus 1902, and thus to input of ATU 1928. NC 1926 input from LD 1902 allov^ logical 
20 descriptors raiting from evaluation of Name Table Entries to be written Into NC 1926. |^ i^trs 
Protections Cache (PC) 1934 is a cache mechanism having an input connected from LD Bus 1902 and 
providing information, as described further below, regarding protection aspects of references to data in 
MEM 112 by user's programs. NC 1926, ATU 1928, and PC 1934 are thereby acceleration mechanisms of, 
respectively, CS 101's Namespace addressing, logical to physical address structure, and protection 
25 met^amsm.^ ^^^^^ ^^^^ ^^^^^ ^^^^ ^^^^ includes BIAS 1952, connected from output of LENGRF 1936. 
As previously described, operands containing nwe than 32 data bits are transferred beteen MEM 1 12 and 
JP 114 by means of string transfers. In order to perfomi string transfers, it is necessary for FU 120 to 
generate a corresponding succession of logical descriptors wherein length fields of those logical 
30 descriptors is no greater than 5 bits, that is, spedfy lengths of no greater than 32 data bits. 

A logical descriptor describing a data item to be transferred fay means of a string transfer will be stored 
in GRF 506. AON field of the logical descriptor will reside in AONGRF 1 932, 0 field in OFFGRF 1934, and L 
field in LENGRF 1936* At each successwe transfer of a 32 bit word in the string transfer, O field of that 
original logical descriptor will be incremented by the number of data bits transferred while L field will be 
35 accoftJingly decremented. The logical descriptor residing in GRF 506 vwll thereby describe, upon each 
successsive transfer of the string transfer, that portion of the data item yet to be transferred. O field m 
OFFGRF 1934 will Indicate increaangly larger offsets into that data hem, while L field will indicate 
successively shorter lengths. AON and O fields of the logical descriptor in GRF 506 may be utilized directly 
as AON and O fields of the successive logical descriptors of the su^ing transfer. L field of the logical 
40 descriptor residing in LENGRF 1936, however, may not be so used as L fields of the sua^essive stnng 
transfer logical descriptors as this L field indicates remaining length of data item yet to be transferred, 
[nstead, BIAS 1952 generates the 5 brt L fields of successive string transfer logical descnptmie while 
correspondingly decrementing L field of *e logical descriptor in LENGRF 1936. During each transfer, BIAS 
1952 generates L field of the next string transfer logical d^ptor while concurrently providing L field ot 
45 the cumnt string transfer logical descriptor. By doing so, BIAS 1952 thereby increases speed of execution 
of string transfers by performing pipelined Lfield operations. BIAS 1952 ther^ allows CS 101 to appear to 
the user to be a variable wortJ length machine by automatically performing stnng transtere. This 
mechanism is used for transfer of any data Item greater than 32 bits, for example double precision floating 

point numbers, . ^ .i. j u i 

50 Finally, FU 120 includes microcode circuitry for controlling all FU 120 operations described above. In 
particular, FU 120 includes a microinstruction sequence control store (mC) 1920 stonng sequences of 
microinstmctions for controlling step by step execution of all FU 120 operations, in general, these FU 120 
operations fall into two classes. A first dass includes those microinstrucdon sequences directly concerned 
with executing the SOPs of user's programs. The second class indudes microinstruction sequences 

55 concerned with CS lOVs operating systems, induding and certain autonwtic, internal FU 120 functions 
such as evaluation of Name Table Entries. 

As previously described, CS 101 is a multiple S-Language machine. For example, mC 1920 may contain 
microinstruction sequences for executing user's SOPs In at least four different Dialects. mC 1920 is 
comprised of a writeable control store and sets of microinstnicdon sequences for vanous Dialects may De 

GO transferred into and out of mC 1920 as required for execution of various user's programs. By stonng sets ot 
microinstruction sequences for more than one Dialect in mC 1920, it is possible for user's programs to be 
written in a mbdure of user languages. For example, a particular user's program may be wrrtten Prm^arily in 
FORTRAN but may call certain COBOL routines. These COBOL routines will be correspondingly translated 
into COBOL dialect SOPs and executed by COBOL microinstruction sequences stored in mC 1920. 

65 The instruction stream provided to FU 120 from MEM 112 has been previously descnbed with 
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reference to Rg. 3. SOPs and Names of this instruction stream are transferred from MOD Bus 140 into IB3 
1962 as they are provided from MEM 112. IB 1962 includes two 32 bit (one word) registers. IB 1962 atso 
includes prefetch circuitry for reading for SOPs and Names of the instruction stream from MEM 1 12 In such 
8 manner that IB 1962 shall always contain at least one SOPs or Name. FU 120 Includes (P) 1964 which 
s reads and separates, or parses, SOPs and Names from IB 1962. As previously described, P 1964 provides 
those Names to NC 1926, which accordingly provides logical descriptors to ATU 1928 so as to read the 
corresponding operands from MEM 112. 

SOPs parsed by P 1964 are provided as inputs to Fetch Unit Dispatch Table (FUDT) 1904 and Execute 

Un'rt Dispatch Table (EUD^T) 1966. Referring first to FUDT 1904, FUDT 1904 is effecdvely a table for 
10 translating SOPs to starting addresses in mC 1912 of corresponding microinstruction sequences. This 
Intermediate translation of SOPs to mC 1912 addresses allows effident paddng of microinstruction 
sequences within mC 1912. That is, certain microinstruction sequences may be common to two or more'- 
S-Language Dialects. Such microinstruction sequerices rnay therefore be written into mC 1912 once andy 
may be referred to by different SOPs of different S-Lanquage Dialects. 
IB EUDT 1966 performs a similar function "wth r^pect to EU 122, As will be described below, EU 122 
contains a mC, smilar to mC 1912, which Is addressed through EUDT 1966 by SOPs specifying EU 122 
operations. In addition, FU 120 may provide such addresses mC 1912 to initiate EU 122 operations as 
required to assist certain FU 120 operations. Examples of such operations which may be requested by FU 
120 include calculations required in evaluating Nanr^e Table Entries to provide togical descriptors to be 
20 loaded into NC 1926. 

Associated with botii FUDT 1904 and EUDT 1966 are Dialect (D) registers 1905 and 1967, D registers 
1905 and 1967 store information Indicating the particular S-Language Dialect currently being utilized in 
execution of a user's program. Outputs of D registers 1905 and 1967 are utilized as part of the address 
inputs to mC 1912 and EU 122's mC. 

2S 

4. Execute Unit (EU) 122 (Rg. 20) 

. As previously described, EU 122 is an arithmetic and logic unit provided to relieve FU 120 of certain 
arithmetic operations. EU 122 is capable of perfonming addition, subtraction, multiplication, and dh^sion 
operations on integer, packed and unpacked decimal, and single and double predsion floating operands. 

30 EU 122 Is an Independently operating microcode controlled machine including Microcode Control (mC) 
2010 which, as described above, is addnassed by EUDT 1966 to Initiate EU 122 operations. mC 2010 also 
includes logic for handling mutual interrupts between FU 120 and EU 122. That Is. FU 120 may interrupt 
current EU 122 operations to call upon EU 122 to assist an FU 120 operation. For example, FU 120 may 
interrupt an arithmetic operation cun^ntly being executed by EU 122 to call upon EU 122 to assist in 

3S generating a logical descnptor from a Name Table Entry. 

Similarly, EU 122 may interrupt current FU 120 operations when EU 122 requires FU 120 assistance in 
executing a current arithmetic operation. For example, EU 122 may Interrupt a current RJ 120 operation if 
EU 122 receives an instruction and operands requiring EU 122 to perform a divide by zero- 
Referring to Fig. 20, a partial block diagram of EU 122 is shown. EU 122 includes two arithmetic and 

40 logic units. A first arithmetic and logic unit (MULT) 2014 is utilized to perform addition, subtraction, 
multiplication, and division operations upon integer and decimal operands, and upon mantissa fields of 
single and double precision floating point operands. Secorui ALU (EXP) 2016 is utilized to perform 
operations upon single and double precision floating point operand exponent fields in parallel with 
operations performed upon floating point mantissa fields by MULT 2014. Both MULT 2014 and EXP 2016 

4S include an aritiimetic and logic unit, respectively MALU 2074 and EXPALU 2084. MULT 2014 and EXP 201 6 
also include register files, respecth/ely MRF 2050 and ERF 2080, which operate and are addressed in parallel 
in a manner similar to AONGRF 1932, OFFGRF 1984 and LENGRF 1936. 

Operands for EU 122 to operate upon are provided from MEM 112 through MOD Bus 140 and are 
transferred into Operand Buffer (OPB) 2022. In addition to serving as an input buffer, OPB 2022 performs 

50 certain data format manipulation operations to transform input operands into formats most efficiently 
operated with by EU 122. In particular, EU 122 and MULT 2014 may be designed to operate efTidentiy with 
packed dedmal operands. OPB 2022 may transform unpacked decimal operands into packed decimal 
operands. Unpacked decimal operands are in the form of ASCII characters wherein four bits of each 
diaracters are binary codes specifying a decimal value between zero and nine. Other bits of each character 

55 are referred to as zone fields and in general contain information identifying particular ASCII characters. For 
example, zone field bits may specify whether a particular ASCII character is a number, a letter, or 
punctuation. Packed decimal operands are comprised of a series of four bit fields wherein each field 
contains a binary number specifying a decimal value of between zero and nine. OPB 2022 converts 
unpacked decimal to packed decimal operands by extracting zone field bits and packing the four numeric 

60 value bits of each character into the four bit fields of a packed decimal number. 

EU 122 is also capable of transforming the results of arithmetic operands, for example in packed 
dedmal format. Into unpacked decinial format for transfer back to MEM 112 or FU 120. In this case, a 
packed decimal result appearing at output of MALU 2074 is written into MRF 2050 through a multiplexer, 
not shown in Rg. 20, which transfomis the four bit numeric code fieltfe of the packed dedmal results into 

^ corresponding bits of unpacked dedmal operand characters, and forces blanks into the zone field bits of 
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those unpacked decimal characters. The results of this operation are then read from MRF 2050 to MALU 
2074 and zone field bits for those unpacked decimal characters are read from Constant Store (CST) 2060 to 
MALU 2074. These inputs from MRF 2050 and CST 2060 are added by MALU 2074 to generate final result 
outputs in unpacked dedmai format These final resutts may then be transferred onto JPD Bus 142 through 

* Output Multiplexer <OM) 2024, ^ , , 

Considering first floating point operations, in addition or subtraction of floating point operands it is 
necessary to equalize the values of the floating point operand exponent fields. This is referred to as 
prealignment In floating point operations, exponent fields of the two operands are transferred into 
EXPALU 2034 and compared to determine the difference between exponent fields. An output representing 
difference between exponent fields is provided from EXPALU 2034 to an input of floating point control 
(FPC) 2002. FPC 2(W2 in turn provides control outputs to MALU 2074, which has received the mantissa fields 
of the two operands. MALU 2074, operating under direction of FPC 2002, accordingly right or left shifts one 
operand's mantissa field to effectively align that operand's exponent field with the other operand's 
exponent field. Addition or subtraction of the operand's mantissa fields may then proceed. 
* EXPALU 2034 also perfonms addition or subuaction of floating point operand exponent fields in 
multiplication or division operations, while MALU 2074 performs multiplication and division of the operand 
mantissa fields. Multiplication and division of floating point operand mantissa fields by MALU 2074 is 
performed by successive shifting of one operand, corresponding generation of partial products of the other 
operand, and successive addition and subtra<^'on of those partial products. 

^ Finally, EU 122 performs normalization of the resuhs of floating point operand operations by left 
shifting of a final result's mantissa field to eliminate zeros in the most significant characters of the final 
resuh mantissa field, and corresponding shifting of the final result exponent fields. Normalization of 
floating point operation results is controlled by FPC 2002. FPC 2002 examines an unnormalized floating 
point result output of MALU 2074 to detect which, if any, of the most significant charactera of that results 

^ contain zeros. FPC 2002 then accordingly provides control outputs to EXPALU 2034 and MALU 2074 to 
correspondingly shift the exponent and mantissa fields of those results so as to eliminate leadirtg character 
zeros from the mantissa field. Normalized mantissa and exponent fields of floating point resutts may then 
be transfen-ed from MALU 2074 and EXPALU 2034 to JPD Bus 142 through OM »)24. 

As described above, EU 122 also performs addition, subtraction, multiplication, and division 

30 operations on operands. In this respect, EU 122 uses a leading zero detector in FPC 2002 in efficiently 
performing multijrfication and division operations. FPC 2002's leading zero detector examines the 
characters or bits of two operands to be multiplied or dhnded, starting from the highest, to determine 
which, if any, contain zeros so as not to require a multiplication or d'n/ision operation. FPC 2002 accordingly 
left shifts the operands to effet^Vely eliminate those characters or bits, thus reducing the number of 

3S operations to multiply or dhnde the operands and accordingly reducing the time required to operate upon 

the operands. ^ ^ , - 

Rnally, EU 122 utilizes a unique method, with associated hardwara, for performing antnmetic 
operations on decimal operands by utilizing circuitry which is otherwise conventionally used only to 
perform operations upon floating point operands. As described above, MULT 2074 is desigrwd to operate 
<o with packed decimal operands, that is operands in the form of consecutive blocks of four bits wherein each 
block of four bits contains a binary code representing numeric values of between zero and nine. Floating 
point operands are similarly in the form of consecutive blocks of four bits. Each block of four bits in a 
floating point operand, however, contains a binary number representing a hexadecimal value of between 
zero and fifteen. As an initial step in operating with packed dedmai operands, those operands are loaded, 
^ one at a time, into MMAJ 2074 and, with each such operand, a number comprised of all hexadecimal sixes 
Is loaded into MALU 2074 from CST 2060. This CST 2060 number is added to each packed decimal operand 
to effectively convert those packed decimal operands into hexadecimal operands wherein the four bit 
blocks contain numeric values in the range of sbc to fifteen, rather than in the original range of zero to nine. 
MULT 2014 then f^rforms arithmetic operation upon those transformed operands, and in doing so detects 
so and saves information regarding which four bit characters of Uiose operands have resulted in generation of 
carries during the arithmetic operations, in a final step, the intermediate result resuhing from completion of 
those arithmetic operations upon those transformed operands are reconverted to packed decimal format 
fay subtraction of hexadecimal sixes fram those charactera for which carries have been generated. 
Effectively, EU 122 converts packed decimal operands into "Excess Six" operands, performs arithmetic 
^ operations upon those "Excess Six" operands, and reconverts "Excess Six" results of those operations 
back into packed decimal format 

Finally, as previously desdbed FU 120 controls transfer of arithmetic results from EU 122 to MEM 112. 
In doing so, FU 120 generates a logical descriptor describing the size of MEM 112 address spa:e, or 
"container", that result is to be transferred into. In certain arithmetic operations, for example integer 
operations, an arithmetic result may be larger than anticipated and may contain more bits than the MEM 
112 "container". Container Size Check Circuit (CSC) 2052 compares actual size of arithmetic results and L 
fields of MEM 112 "container" logical descriptors. CSC 2052 generates an output indicating whether an 
MEM 112 "container" is smaller than an arithmetic result 

Having briefly described certain features of CS 101 stmcture and operation in the above overview, 
these and other features of CS 101 will be described in furtiier detail next below in a more detailed 
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introduction of CS 101 structure and operation. Then, in further descriptions, these and other features of CS 
101 structure and operation will be descnbed in depth. 

1. Introduction (Rgs. 101—110) 

A. General Structure and Operation (Fig 101) 
a. General Structure 

Referring to Rg. 1 01, a partial block diagram of Computer System (CS) 10110 is shown. Major elements 
of CS 10110 are Dual Port Memory (MEM) 10112, Job Processor (JP) 10114, Input^Output System OOS) 
10116, and Diagnostic Processor (DP) 10118. JP 10114 includes Fetch Unit (FU) 10120 and Execute Unit (EU) 
10122. 

Referring first to lOS 10116, lOS 10116 is interconnected with External Devices (ED) 10124 through 
Input/Output (I/O) Bus 10126. ED 10124 may include, for example, other computer systems, keyboard/ 
display units, and disc drive memories. lOS 10116 is interconnected with Memory Input/Output (MIO) Port 
101 28 of MEM 10112 through Input/Output to Memory (tOM) Bus 10130 and Memory to Input/Output (MIO) 
Bu^ 10129, and with FU 10120 through I/O Job Processor {lOJP) Bus 10132. 

DP 101181s interconnected with, for example, extemal keyboard/CRT Display Unit (DU) 10134 through 
Diagnostic Processor Input/Output (DPIO) Bus 10136. DP 10118 is interconnected with 108 10116, MEM 
10112, FU 10120, and EU 10122 through Diagnostic Processor (DP) Bus 10138, 

Memory to Job Processor (MJP) Port 10140 of MemoTy 101 12 is interconnected with FU 10120 and EU 
10122 through Job Processor Data (JPD) Bus 10142. An output of MJP 10140 is connected to inputs of FU 
10120 and EU 10122 through Memory Output Data (MOD) Bus 10144. An output of FU 10120 is connected to 
an input of MJP 10140 through Physical Descriptor (PD) Bus 10146. FU 10120 and EU 10122 are 
interconnected through Fetch/Execute (F/E) Bus 10148. 

b. General Operation 

As will be discussed further below, lOS 10116 and MEM 10112 operate independently under general 
control of JP 10114 in executing multiple user's programs. In this regard, MEM 10112 is an intelligent 
prioriti»ng memory having separate and independent ports MI0 1 0128 and MJP 10140 to lOS 101 16 and JP 
10114 respectiv^y. MEM 10112 is the primary path for information transfer between Extemal Devices 
10124 (through lOS 10116) and JP 10114. MEM 10112 thus operates both as a buffer for receiving and 
storing various individual user's programs (e.g., data. Instructions, and results of program execution) end 
as a main mCTiory for JP 10114. 

A primary function of lOS 10116 is as an input/output buffer between CS 10110 and ED 10124, Data and 
Instructions are transferred from ED 10124 to lOS 10116 through I/O Bus 10126 in a manner and format 
compatible with ED 10124. lOS 10116 receives and stores this information, and manipulates the 
information tntofonnats suitable for transfer into MEM 10112. lOS 101 16 then indicates to MEM 101 12 that 
new information is available for transfer irrto MEM 10112. Upon acknowledgement by MEM 10112, this 
information Is transferred into MEM 10112 through lOM Bus 10130 and MIO Port 10128, MEM 10112 stores 
the information in selected portions of MEM 101 12 physical address space. At this time, lOS 10116 notifies 
JP 10114 that new information is present in MEM 10112 by providing a "semaphore" signal to FU 10120 
through lOJP Bus 10132. As will be described furtiier below, CS 10110 manipulates the data and 
instructions ^red in MEM 10112 into certain Information structures used in executing user's programs. 
Among these structures are certain structures, discussed further below, which are used by CS 10110 in 
organizing and controlling flow and execution of user programs. 

FU 10120 and EU 10122 are independently operating microcode controlled "machines" together 
comprising the CS 10110 micromachine for executing user's programs stored In MEM 10112. Among the 
principal functions of FU 10120 are: (1 ) fetching and interpreting Instructions and data from MEM 101 12 for 
use by FU 10120 and EU 10122; (2) organizing and controlling flow of user programs; (3) initiating EU 10122 
operations; (4) periorming arithmetic and logic operations on data; (5) controlting transfer of data from FU 
10120 and EU 10122 to MEM 10112; and, (6) maintaining certain "stack" and "register" mechanisms, 
described below. FU 10120 "cache" mechanisms, also described below, are provided to enhance the speed 
of operation of JP 10114. These cache mechanisms are acceleration circuitry including, in part, high speed 
memories for storing copies of selected information stored in MEM 10112. The information stored in this 
acceleration drcuitry is therefore more rapidly available to JP 10114. EU 10122 is an arithmetic unit capable 
of executing integer, decimal, or floating point arithmetic operations. The primary function of EU 10122 is 
to relieve FU 10120 from certain extensive arithmetic operations, thus enhancing the efficiency of CS 10110. 

In general, operations In JP 101 14 are executed on a memory to memory basis; data Is read from MEM 
10112, operated upon, and the results returned to MEM 10112. In this regard, certain stack and cache 
mechanisms in JP 10114 (described below) operate as extensions of MEM 10112 address space. 

In operation, FU 10120 reads data and instructions from MEM 10112 by providing physical addresses 
to MEM 101 12 by way of PA Bus 1 0146 and MJP Port 10140. The instructions and data are transferred to FU 
10120 and EU 10122 by way of MJP Port 10140 and MOD Bus 10144. Instructions are interpreted by FU 
10120 microcode circuitry, not shown in Rg. 101 but described below, and when necessary, microcode 
instructions are provided to EU 10122 from FU 10120's microcode control by way of F/E Bus 10148, or by 
way of JPD Bus 10142. 



26 



EP 0 067 556 B1 



As stated above, RJ 10120 and EU 10122 operate asynchronously with respect to each other's 
functions. A microinstruction from FU 10120 microcode circuitry to EU 10122 may initiate a selected 
operation of EU 10122. EU 10122 may then proceed to Independently execute the selected operation. FU 
10120 may proceed to concurrently execute other operations while EU 10122 is completing the selected 

^ aritfimetic operation. At completion of the selected arithmetic operation, EU 10122 signals FU 10120 that 
the operation results are available by way of a "handshake" signal through F/E Bus 10148. FU 10120 may 
then receive the arithmetic operation results for further processing or, as discussed momentarily, may 
directly transfer the arithmetic operation results to MEM 101 1 2. As described further below, an instruction 
buffer referred to as a "queue" between FU 10120 and EU 10122 allows FU 10120 to assign a sequence of 

'0 arithmetic operations to be performed by EU 10122. 

Information, such as results of executing an instruction, is written into MEM 10112 from FU 10120 or 
EU 10122 by way of JPD Bus 10U2. FU 10120 provides a "physical write address" signal to MEM 10112 by 
way of PA Bus 10146 and MJP Port 10140. Concunrently, the information to be written into MEM 10112 is 
placed on JPD Bus 10142 and is subsequently written into MEM 10112 at the locations selected by the 
physical write address. 

FU 10120 places a semaphore signal on lOJP Bus 10132 to signal to lOS 101 16 that information, such as 
the reajlts of executing a user's program, is available to be read out of CS 10110. lOS 10116 may then 
transfer the information from MEM 10112 to lOS 10116 by way of MIO Port 10128 and lOM Bus 10130. 
Information stored in iOS 101 16 is then transferred to ED 10124 through i/O Bus 10126. 

20 During execub'on of a user's program, certain information required by JP 101 16 may not be available in 
MEM 101 12. In such cases as further described In a foIlov\rfng discussion, JP 101 14 may write a request for 
information Into MEM 101 1 2 and notify IOS 1 0 1 1 6, by way of 10 JP Bus 1 01 32, that such a request has been 
made. IOS 101 16 will then read the request and transfer the desired information from ED 10124 into MEM 
10112 through IOS 10116 in the manner described above. In such operations, IOS 10116 and JP 10114 

2$ operate together as a memory manager wherein the memory space addr^able by JP 10114 is termed 
virtual memory space, and includes both MEM 10112 memory space and all external devices to which IOS 
10116 has acc^s. 

As previously described, DP 10118 provides a second interface between Computer System 10110 and 
the external worid by vway of DPIO Bus 10136. dP 10118 allows DU 10134, for example a CRT and keyboard 

30 unit or a teletype, to perform all functions which are conventionally provided by a hard <i.e., switches and 
lights) console. For example, DP 10118 allov»« DU 10134 to exercise control of Computer System 10110 for 
such purposes as system initialization and start up, execution of diagnostic processes, and fault monitoring 
and identification, DP 10118 has read and write access to most menwry arwJ register portions vwthin each of 
IOS 10116, MEM 10112, FU 10120, and EU 10122 by way of DP Bus 101^. Memories and registers in CS 

55 10110 can therefore be directiy loaded or initialized during system start up, and can be directly read or 
loaded with test and diagnostic signals for fault monitoring and identification. In addition, as described 
further below, microinstructions may be loaded into JP 101 14's microcode circuitry at system start up or as 
required. 

Having described tiie general structure and operation of Computer System 10110, certain features of 
^ Computer System 101 1 0 will next be briefly described to aid in understanding the following, more detailed 
descriptions of these and other features of Computer System 10110. 

a Definition of Certain Terms 

Certain terms are used relating to the structure and operation of CS 10110 throughout the following 
^ discussions. Certain of these terms will be discussed and defined first to aid in understanding the following 
descriptions. Other terms will be Introduced in the following descriptions as required. 

A procedure is a sequence of operational steps, or instructions, to be executed to perform some 
operation. A procedure may include data to be operated upon in performing the operation. 

A program Is a static group of one or more procedures. In general, programs may be dassrfied as user 
so programs, utility programs, and operating system programs. A user program is a group of procedures 
generated by and private to one particular u^r of a group of users interfacing with CS 10110. Utility 
programs are commonly available to all users; for example, a compiler comprises of a set of procedures for 
compiling a user language program into an S-language program. Operating system programs are groups 
of procedures Internal to CS 10110 for allocation and control of CS 10110 resources. Operating system 
ss programs also define interfaces within CS 10110. For example, as will be discussed further below all , 
operands in a program are referred to by "NAME". An operating system program translates operand 
NAME into the physical locations of the operands in MEM 10112. The NAME translation program thus 
defines the interface between operand NAME (name space addresses) and MEM 10112 physical addresses. 
A process is an independent locus of control passing through physical, logical or virtual address 
60 spaces, or, more particularly, a path of execution through a series of programs (i.e., procedures). A process 
will generally indude a user program and data plus one or more utility programs <e.g., a compiler) and 
operating system programs necessary to execute the user program. 

An object is a uniquely identifiable portion of "data space" accessible to CS 10110. An object may be 
regarded as a container for information and may contain data or procedure information or both. An object 
65 may contain for example, an entire program, or set of procedures, or a single bit of data. Objects need not 
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be contiguously located in the data space accessible to CS 10110, and the information contained in an 
object need not be contiguously located in that object. 

A domain is a state of operation of CS 10110 for the purposes of CS 101 10's protection mechanisms. 
Each domain is defined by a set of procedures having access to objects within that domain for their 

^ execution. Each object has a single domain of execution in which it is executed if it is a procedure object, or 
used, if it is a data object CS 10110 Is said to be operating in a particular domain tf It is executing a 
procedure having that domain of execution. Each object may belong to one or more domains; an object 
belongs to a domain if a procedure executing In that domain has potential access to the object CS 10110 
may, for example have four domains: User domain. Data Base Management System (DBMS) domain, 

'0 Extended Operating System (EOSI domain, and Kernel Operating System (KOS) domain. User domain is 
the domain of execution of ail user provided procedures, such as user or utility procedures. DBMS domain 
Is the domain of execution for operating system procedures for storing, retrieving, and handling data. EOS 
domain Is the domain of execution of operating system procedures defining and forming the user level 
interface vvith CS 10110, such as procedures for controlling an executing files, processes, and I/O 

^5 operations. KOS domain is the domain of execution of the low level, secure operating system which 
manages and controls CS lOIICs physical resources. Other embodiments of CS 10110 may have fewer or 
more domains than those Just described. For example, DBMS procedures may be incorporated into the 
EOS domain or EOS domain may be divided by incorporating the 1/0 procedures into an 1/0 domain. There 
is no hardware enforced limitation on the number of, of boundaries between, domains in CS 10110. Certain 

20 CS 10110 hardware functions and structures are, however, dependent upon domains. 

A subject Is defined, for purposes of CS 10110's protection mechanisms, as a combination of the 
current principle (user), the current process being executed, and the domain the process is currentty being 
executed in. In addition to principle, process, and domain^ which are identified by UIDs, subject may 
include a Tag, vrhich is a user assigned identification code used where added security is required. For a 

25 given process, principle and process are constant but the domain is determined by the procedure currentiy 
being executed. A process's associated subject is therefore variable along the path of execution of the 
process. 

Having discussed and defined the above terms, certain features of CS 10110 will next be briefly 
described. 

30 

d. Multi-Program Operation 

CS 10110 is capable of concurrently executing two or more programs and selecting the sequence of 
execution of programs to make most effective use of CS IOIIO'b resources. This is referred to as 
multiprogramming. In this regard, CS 10110 may temporarily suspend execution of one program, for 

35 example when a resource or certain information required for that prograrri is not immediately available, 
and proceed to execute another program until the required resource or Information becomes available. For 
example, particular information required by a first program may not be available in MEM 10112 vrtien 
called for. JP 10114 may, as discussed further below, suspend execution of the first program, transfer a 
request for that information to lOS 10116, and proceed to call and execute a second program. 108 10116 

40 would fetch the requested information from ED 10124 and transfer it into MEM 101 12. At some time after 
lOS 10116 notifies JP 10114 that the requested information Is available In MEM 10112, JP 10114 could 
suspend execution of the second program and resume execution of the first program. 

e. Mutti*Language Operation 

45 As previously described, CS 10110 is a multiple language ma<^in& Each program written in a high 
level user language, such as COBOL or FORTRAN, Is complied into a corresponding Soft iS) Language 
program. That is. In terms of a conventional computer system, each user level language has a 
corresponding machine language, classically denned as an assembly language. In contrast to classical 
assembly languages, S-Languag^ are mid-level languages wherein each command in a user's high level 

so language is replaced by, in general, two or three S-Language instructions, referred to as SINs. Certain SlNs 
may be shared by two or more high level user languages. CS 10110, as further described in following 
discusdons, provides a set, or dialect, of microcode instructions (S-lnterpreters) for each S-Language. S- 
Interpreters interpret SINs and provide corresponding sequences of microinstructions for detailed control 
of CS 10110. CS 101 10's instruction set and operation may therefore be tailored to each user's program, 

55 regardless of the particular user language, so as to most efftdentiy execute the user's program. Computer 
System 10110 may, for example, execute programs in both FORTRAN and COBOL with comparable 
efficiency. In addition, a user may write a program in more than one high level user language without loss 
of efficiency. For example, a user may write a portion of his program in COBOL, but may wish to write 
certain portions in FORTRAN. In such cases, the COBOL portions would be compiled into COBOL SINs and 

eo executed with the COBOL dialect S-lnterpreter. The FORTRAN portions would be compiled irrto FORTR/VN 
SINs and executed with a FORTRAN dialect S-lnterpretsr. The present embodiment of CS 10110 utilizes a 
uniform format for all SINs. This feature allows simpler S-lnterpreter structures and increases efficiency of 
SIN Interpretation because it is not necessary to provide means for interpreting each dialect individually. 

6S 



28 



EP 0 067 556 B1 



f. Addressing Structure , ^ , . . 

Each object created for use in, or by operation ot a CS 10110 is permanently assigned a Unique 
Identifier {UIDK An object's UiD allows that object to be uniquely identified and located at any time, 
regardless of which particular CS 10110 it was created by or for or where it is subsequently located. Thus 
s each time a new object is defined, a new and unique UID is allocated, much as social secunty numbers are 
allocated to individuals. A particular pie<» of information contained in an object may be located by a logical 
address comprising the object's UiD, an offset from the start of the obj«n of the first bit of the segment, and 
the length (number of bits) of the information segment Data within an object may therefore be addressed 
on a bit granular basis. As will be described further in following discussions, UlD's are used within a CS 
fO 101 10 as logical addresses, and, for example, as pointers. Logically, all addresses and pomters in CS 1 01 1 0 
are UID addresses and pointers. As previously described and as described beiow, however, short, 
temporary unique identifiers, valid only within JP 10114 and referred to as Active Object Numbers are used 
within JP 10114 to reduce the width of address buses and amount of address infomnation handled. 

An object becomes active in CS 10110 when ft is transfen-ed from backing store CED 10124 to MEM 
rs 10112 for use in executing a process. At this time, each such object is assigned an Active Object Number 
(AON). AONs are short unique identifiers and are related to the objecfs UlDs through certain CS 10>10 
information structures described below, AONs are used only within JP 101 14 and are used in JP 10114, m 
place of UIDs, to reduce the required width of JP 101 14's address buses and the amount of address data 
handled in JP 1 01 14. As with UID logical addresses, a piece of data in an object may be addressed through 
20 a bit granular AON logical address comprising the object's AON, an offset from the start of the object of the 
first bit of the piece, and the length of the piece. 

The transfer of logical addresses, for example pointers, between MEM 10112 (UIDA) and JP 10114 
(AONs) during execution of a process requires translations between UIDs and AONs. As will be descnbed 
in a later discussion, this translation is accomplished, in part, through the information structures 
25 mentioned above. Similariy, translation of logical addresses to physical addresses in MEM 10112, to 
physically access information stored in MEM 10112, is accomplished through CS 10110 information 
structures relating AON logical addresses to MEM 10112 physical addresses, ^ ^ ^ 

Each operand appearing in a program is assigned a Name when the program is compiled. Thereafter, 
all references to the operands are through their assigned Names. As will be described in detail in a later 
30 discussion CS 101 Ws addressing structure includes a mechanism for recognizing Names as they appear 
In an instrtiction stream and Name Tables containing directions for resolving Names to AONJoQ^f" 
addresses. AON logical addresses may then be evaluated, for example translated mto a MEM 10112 
physical address, to provide actual operands. The use of Names to identify operands in the instructions 
stream (process) (1) allows a complicated address to be replaced by a simple reference of uniform formate- 
as (2) does not require that an operation be directly defined by data type in the Instruction stream; (3) allows 
repeated references to an operand to be made In an instruction stream by merely repeating the operand's 
Name; and, (4) allovw partially compl^d Name to address translations to be stored in a cache to speed up 
operand references. The use of Names thereby substantially reduces the volume of information required in 
the instruction stream for operand references and increases CS 10110 speed and efficiency by performing 
40 operands references through a parallel operating, underhring mechanism. , . . ^ 

Rnally, CS 10110 address structure incorporates a set of Architectural Base Pointers (ABPs) for each 
process. ABPs provide an addressing frameworic to locate data end procedure information belonging to a 
process and are used, for example, in resolving Names to AON logical addresses. 

4S g. Protection Mechanism ^ i . * . 

CS 10110's protection mechanism is constructed to prevent a user from (1} gaining access to or 
disrupting another user's process, including data, and (2) interfering with or otherwise subverting the 
operation of CS 10110. Access rights to each particular active object are dynamically granted as a function 
of the currentiy active subjecL A subject is defined by a combination of tfie current prindple (user), the 
50 current process being executed, and the domain in which tiie process is currently being executed. In 
addition to principle, process, and domain, subject may include a Tag, which is a user assigned 
identification code used where added security is required. For a gwen process, the pnnciple and process 
STB constant but the domain is determined by ti>e procedure currwtiy being executed. A process's 
assrciated subject is therefore variable along the path of execution of the process. 

In a present embodiment of CS 10110, procedures having KOS domain of execution have access to 
objects in KOS, EOS, DBMS, and User domains; procedures having EOS domain of execution have access 
to objects in EOS, DBMS, and User domains; procedures having DBMS domain of execution have access to 
objects in DBMS and User domains; and procedures having User domain of execution have access only to 
objects in User domain. A user cannot, tiierefore, obtain access to objects in KOS domain of execution and 
cannot influence CS 101 10's low level, secure operating sy^em. The user's process may. however, call for 
execution a procedure having KOS domain of execution. At this point ti^e process's subject is in the KOS 
domain and the procedure will have access to certain objects in KOS domain. 

In a present embodiment of CS 10110, also described in a later discussion, each object has associated 
with it an Access Control Ust (ACL). An ACL contains an Access Control Entry (ACE) for each subject having 
access to that object. ACEs specify, for each subject acxess rights a subject has with regard to that object. 
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There is normaily no relationship, other than that defined by an object's ACL, between subjects and 
objects. CS 10110, however, supports Extended Type Objects having Extended ACLs wherein a user nnay 
specifically define which subjects have what access rights to the object. 

In another embodiment of CS 10110, de^jribed in a following discussion, access rights are granted on 
^ a dynaoiic basis. In executing a process, a procedure may call a second procedure and pass an argument to 
the called procedure. The calling procedure will also pass selected access rights to that argument to the 
called procedure. The pass^ access rights exist only for the duration of the call. 

In the dynamic access embodiment, access rights are granted only at the time they are required. In the 
ACL embodiment access rights are granted upon object creation or upon specific request In either 
embodiment each procedure to which arguments may be passed in a. cross-do main call has associated 
with U an Access information Array (AIA). A procedure's AlA states what access rights a calling procedure 
(subject) must have before the called procedure can operate on the passed argument CS 10110's 
protection mechanisms compare the calling procedure's access rights to the rights required by the called 
procedure* This ensures ^at a calling procedure ntay not ask a called procedure to do what the calling 
fs procedure is not allowed to do. Effectively, a calling procedure can pass to a called procedure only the 
access rights held by the calling procedure. • 

Having described the general structure and operation and certain features of CS 101 10, those and other 
features of CS 101 10 operation will next be described in greater detail 

20 B, Computer System 10110 Information Structures and Mechanisms (Figs. 102, 103, 104, 105) 

CS 10110 contains certain information sbiu^res and mechanisms to assist in efficient execution of 
processes. These structures and mechanisms may be considered as falling into three general types. The 
first type concerns the processes themselves, i.e., procedure and data objects comprising a user's process 
or directiy related to execution of a user's process. The second type are for management control, and 

2S execution of processes. These structures are generally shared by all processes active in CS 1 01 1 0. The third 
type are CS 10110 micromachine information structures and mechanisms. These structures are concerned 
with the eternal operation of the CS 101 10 micron>achine and are private to the CS 10110 micro-machine. 

a. Introduction (Rg. 102) 

30 Referring to Rg. 102, a pimorial representation of CS 10110 (MEM 10112, RJ 10120, and EU 10122) is 
shown vwth certain information structures and mechanisms depicted therein. It should be understood that 
these infomftation structures and mechanisnts transcend or "cut across" the boundaries between MEM 
10112, RJ 10120, EU 10122« and lOS 10116. Referring to the upper portion of Rg. 103 Proc^ Structures 
10210 contains those information structures and mechanisms most closely concerned with tndhridual 

3S processes, the first and third types of information structures described above. Process Structures 10210 
reside in MEM 10112 and \^rtual Processes 10212 indude Virtual Processes (VP) 1 through N. Virtual 
Processes 10212 may contain, in a present embodiment of CS 10110, up to 256 VP's, As previously 
described, each VP includes certain objects particular to a single user's process, for example stack objects 
previously described and further described in a follovwng description. Each VP also indudes a Process 

40 Object containing certain Information required to execute the process, for example pjointers to other 
process information. 

Virtual Processor State Blocks (VPSBs) 10218 indude VPSBs containing certain tables and mechanisms 
for managing execution of VPs selected for execution by CS 10110. 

A particular VP is bound into CS 10110 when a Virtual Process Dispatcher, described in a following 
45 discussion selects that VP as eligible for execution. The selected VPs Process Object as previously 
described, is swapped into a VPSB. VPSBs 10218 may contain, for example 16 or 32 State Blocks so that CS 
10110 may concurrently execute to 16 or 32 VPs. When a VP assigned to a VPSB is to be executed, the VP 
is swapped onto the Information structures and mechanisms shown in FU 10120 and EU 10122. FU Register 
and Stack Mechanism (FURSM) 10214 and EU Register and Stack Mechanism (EURSM) 10216, shown 
so respectively in FU 10120 and EU 10122, comprise register and stack mechanisms used in execution of VPs 
bound to CS 10110. These register and stack mechanisms, as will be discussed betow, are also used for 
certain CS 10110 process management functions. Procedure Objects (POs) 10213 contains Procedure 
Objects {POs) 1 to N of the process^ executing in CS 10110. 

Addressing Mechanisms (AM) 10220 are a part of CS 10110's process management system and are 
S5 generally assodated with Computer System 10110 addressing functions as described in following 
discussions. UID/AON Tables 10222 is a structure for relating UlD's and AON's, previously discussed. 
Memory Management Tables 10224 includes structures for (1) relating AON logical addresses and MEM 
10112 physical addresses; (2) managing MEM 10112's physical address space; (3) managing transfer of 
information between MEM 10112 and CS 10110's backing store (ED 10124) and, (4) activating objects into 
so CS 10110; Name (^che (NC) 10226 and Address Translation Cache (ATC) 10228 are acceleration 
mechanisms for storing addressing information relating to the VP currently t>ound to CS 10110. NC 10226, 
described further below, contains information relating operand Names to AON addresses. ATC 10228, also 
discussed further below, contains information relating AON addresses to MEM 10112 physical addresses. 
Protection Mechanisms 10230, depicted below AM 10220, include protection Tables 10232 and 
es Protection Cache (PC) 10234. Protection Tables 10232 contain information regarding access rights to each 
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object active in CS 10110. PC 10234 contains protection information relating to certain objects of the VP 
currently bound to CS 10110. 

Microinstruction Mechanisms 10236, depicted below PM 10230, includes Micro-code (M Code) Store 
10238, FU (Micro-code) M Code Structure 10240, and EU Micro-code (M Code) Structure 10242. These 
structures contain microinstruction mechanisms and tables for interpreting SINs and controlling the 
detailed operation of CS 10110. Micro-instruction Mechanisms 10232 also provide microcode tables and 
mechanisms used, in part, in operation of the low level; secure operating system that manages and 
controls CS lOllO's physical resources. 

Having thus briefly described certain CS 10110 information structures and mechanisms with the aid of 
Rg. 102, those information structures and mechanisms will next be described in further detail in the order 
mentioned above. In these descripttons it should be noted that, in representation of MEM 10112 shown In 
Fig. 102 and m other figures of following discussions, the addressable memory space of MEM 10112 is 
depicted. Certain portions of MEM 10112 address space have been designated as containing certain 
information structures and mechanisms. These structures and mechanisms have real physical existence in 
MEM 10112, but may vary in both location and volume of MEM 10112 address space they occupy. 
Assigning position of a sir>gle, large memory to contain these structures and mechanisms allows these 
structure and mechanisms to be reconfigured as required for most efficient operation of CS 10110. In an 
alternate embodiment, physically separate memories may be used to contain the structures and 
medianisms depicted in MEM 10112, rather than assigned portions of a single memory. 

b. Process Structure 10210 (Rgs. 103, 104, 105) 

Referring to Rg. 103, a partial schematic representation of Process Structures 10210 is shown. 
Specifically, Rg. 103 shows a Process (P) 10310 selected for execution, and its associated Procedure 
Objects (PCs) in Process Objects (POs) 10213. P 10310 is represented in Fig. 103 as including four procedure 
objects in POs 10213. It ts to be understood that this representation is for clarity of presentation; a particular 
P 10310 may include any number of procedure objects. Also for dartty of presentation, EURSM 1021 6 is not 
shown as EURSM 10216 is similar to FURSM 10214. EURSM 10216 will be described in detail in the 
following detailed discussons of CS lOllO's structure and operation. 

As previously discussed, each process includes certain data and procedure object. As represented in 
Rg. 103 for P 10310 the procedure objects reside in POs 10213. The data objects include Static Data Areas 
and ^ck mechanisms in P 10310. POs, for example KOS Procedure Object (KOSPO) 10318, contain the 
various procedures of the process, each procedure being a sequence of SINs defining an operation to be 
performed in executing the process. As will be described below. Procedure Objects also contain certain 
information used in executing the procedures contained therein. Static Data Areas (SDAs) are data objects 
generally reserved for storing data hawng an existence for the duration of the process. P 10310's stack 
mechanisms allow stackir>g of procedures for procedure calls and returns and for swapping processes in 
and out of JP 101 14. Macro-Stacks {MAS) 10328 to 10334 are generally used to store automatic data (data 
generated during execution of a procedure and having an existence for the duration of that procedure). 
Although shown as separate from the stacks in P 10310, the SDAs may be contained with MASs 10328 to 
10334, Secure Stadc (SS) 10336 stores, in general, CS 1 01 10 micro-machine state for each procedure called. 
Information stored in SS 10336 allows machine state to be recovered upon retum from a called procedure, 
or when binding (swapping) a VP into CS 10110. 

As shown in P 10310, each process is structured on a domain ba^s. A P 10310 may therefore include, 
for each domain, one or more procedure objects containing procedures having that domain as their 
domain of execution, an SDA end an MAS. For example, KOS domain of P 10310 includes KOSPO 10318, 
KOSSDA 10326, and KOSMAS 10334. P 10310's SS 10336 does not reside in any single domain of P 10310, 
but instead is a stack mechanism belonging to CS 10110 micromachine. 

Having described the overall stru(^re of a P 10310, the individual information structures and 
mechanisms of a P 10310 will next be described in greater detail. 

1. Procedure Objects (Rg. 103) 

KOSPO 10318 is typical of CS10110 procedure objects and will be referred to for illustration in the 
following discussion. Major components of KOSPO 10318 are Header 10338, External Entry Descripter 
(EED) Area 10340, Internal Entry Descripter (lED) Area 10342, S-Op Code Area 10344, Procedure 
Environment Descripter (PED) 10348, Name Table (NT) 10350, and Access Information Array (AIA) Area 
10352. 

Header 10338 contains certain Information identifying P0 10318 and indicating the number of entries in 
EED area 10340, discussed momentarily. 

EED area 10340 and lED area 10342 together contain an Entry Descripter (ED) for each procedure in 
KOSPO 10318. KOSPO 10318 is represented as containing Procedures 1, 2, and 11, of which Procedure 11 
will be used as an example in the presem discussion. EDs effectively comprise an index through certain all 
information in KOSP0 10318 can be located. lEDsform an index to all KOSP0 10318 procedures which may 
t>e called only from other procedures contained in KOSPO 10318. EEDs form an Index to all KOSPO 10318 
procedures which may be called by procedures extemal to KOSPO 103ia Externally callable procedures 
are distinguished aid, as described in a following discussion of CS 10110's protection mechanisms, in 
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conftrming external caJltng procedure's access rights. 

Referring to ED 11, ED for procedure 11, three fields are showr^ therein. Procedure Environment 
Descriptor Offset (PEDO) field indicates the start, relative to start of KOSP0 1031 8, of Procedure 1 1 's PED in 
PED Area 10348. As wi!l be discussed further below, a procedure's PED contains a set of pointers for 

5 locating information used in the execution of that procedure. PED Area 10348 contains a PED for each 
procedure contained in 1 0318. In the present embodiment of CS 1 01 10, a single PED may be shared by two 
or more procedures. Code Entry Point (CEP) field indicates the start, relative to Procedure Base Pointer 
(PBP) which will be discussed below, of Procedure 1 1 's SIN Code and SIN Code Area 10344. Finally, ED 11's 
Initial Frame Size (IPS) field indicates the required Initial Frame Size of the KOSMAS 10334 frame storing 

10 Procedure 11's automatic data, 

PED 11, Procedure ll's PED in PED Area 10348, contains a set of pointers for locating information used 
in execution of Procedure 11. The first entry in PED 11 is a header containing information identifying PED 
11, PED 1Vs Procedure Base Pointer {PBP) entry is a poimer providing a foced reference from which other 
information in PO 10318 may be located. In a specific example, Procedure 1 Vs CEP indicates the location, 

ts relative to PBP, of the start of Procedure IVs S-Op code in S-Op Code Area 10344. As will be described 
further below, PBP is a CS 10110 Architectural Base Pointer (ABP). CS 10110's ABP's are a set of 
architectural pointers used in CS 1 01 10 to facilitate addressing of CS 1 0il O's address space. PED 11's Static 
Data Pointer (SDP) entry points to data, in PO 10318, specifying certain parameters of P 10310's KOSSDA 
10326. Name Table Pointer (WTP) entry Is a pointer indicating the location, in NT 10350, of Name Table 

20 Entry's (NTE's) for Procedure 1 Vs operands. NT 10350 and NTE's will be described in greater detail in the 
following discussion of Computer System 10110's Addressing Structure. PED It's S-lnterpreter Pointer 
(SIP) entry is a pointer, discussed in greater detail in a following discussion of CS 10110's microcode 
structure, pointing to the particular S-lnterpeter (SINT) to be used in interpreting Procedure IVs SIN Code. 
Referring finally to AIA 10352, AlA 10352 contains, as previously discussed, information pertaining to 

2S access rights required of any external procedure calling a 1 0318 procedure. There is an AIA 10352 entry for 
each PO 10318 procedure which may be called by an external procedure. A particular AIA entry may be 
shared by one or more procedure having an ED In EED Area 10340, Each EED contains certain information, 
not shown for clarity of presentation, indicating that that procedure's corresponding AIA entry must be 
referred to, and the calling procedure's access rights confirmed, whenever that procedure is called, 

30 

2. Stack Mechanism (Figs. 104, 105) 

As previously described, PI 0310*5 stack mechanisms include SS 10336, used in part for storir>g 
machine state, and MAS's 10328 to 10334, used to store local data generated during execution of P 1031 O's 
procedures. P 10310 is represented as containing an MAS for each CS 10110 domain. In an alternate 

35 embodiment of CS 101 10, a particular P 10310 will include MAS's only for those domains in which that P 
10310 is executing a procedure. 

Referring to MAS's 10328 to 10334 and SS 10336, P 10310 is represented as having had eleven 
procedure calls. Procedure 0 has called Procedure 1, Procedure 1 has called Procedure 2, and so on. Each 
time a procedure is called, a corresponding stack frame is constructed on the MAS of the domain in which 

^ the called procedure is executed. For example. Procedures 1, 2, and 11 execute in KOS domain; MAS 
frames for Procedures 1, 2, and 11 therefore are placed on KOSMAS 10334. Similarly, Procedures 3 and 9 
execute in EOS domain, so that their stack frames are placed on EOSMAS 10332. Procedures 5 and 6 
execute in DBMS domain, so that their stack fram^ are placed on DBMSMAS 10330. Procedures 4, 7, 8, 
and 10 execute in User domain with their stack frames being placed on USERMAS 10328, Procedure 11 is 

46 the most recentiy called procedure and procedure 1 Vs stack frame on KOSMAS 10334 is referred to as ttie 
current frame. Procedure 1 1 is the procedure which is currently being executed when VP 10310 is bound to 
CS 10110. 

SS 10336, which is a stack mechanism of CS 10110 micromachine, contains a frame for each of 
Procedures 1 to 11, Each SS 10336 frame contains, in part, CS 10110 operating state for its corresponding 
so procedure. 

Referring to Rg, 104, a schematic representation of a typical MAS, for example KOSMAS 10334, is 
shown, KOSMAS 10334 includes Stack Header 10410 and a Frame 10412 for each procedure on KOSMAS 
10334. Each Frame 10412 includes a Frame Header 10414, and may contain a Linkage Pointer Block 10416, a 
Local Pointer Block 10418, and a Local (Automatic) Data Block 10420. 
S5 KOSMAS 10334 Stack Header 10410 contains at least the following infomiation: 

(1) an offset, relative to Stadt Header 10410, indicating the location of Frame Header 10414 of the first 
frame on KOSMAS 10334; 

<2) a Stack Top Offset (STO) indicating location, relative to start of KOSMAS 10334, of the top of 
KOSMAS 10334; top of KOSMAS 10334 Is indicated by pointer STO pointing to the top of the last emry of 
60 Procedure 11 Frame 10412's Local Data Block 10420; 

(3) an offset relative to start of KOSMAS 10334, Indicating location of Frame Header 10414 of the 
current top fi^me of KOSMAS 10334; in Fig, 104 this offset is represented by Frame Pointer (FP), an ABP 
discussed further below; 

(4) the VP 10310's UID; 

^ (5) a UID Pointer indicating location of certain domain environment information, described further In a 
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following discussion; , ^^-.^^^^ 

(61 a signaller pointer indicating the location of certain routines for handling certain CS 101 1 0 operating 
system faults; 

(71 a UID pointer IrulicaTing location of KOSSDA 10326; and 

(81 a frame label sequencer containing pointers to headers of frames in other domains; these pointers 
are used in executing non-local go-to operations. 

KOSMAS 10334 Stack Header 10410 thereby contains information for locating certain important points 
in KOSMAS 10334*s structure, and for locating certain information pertinent to executing procedures in 
KOS domain. 

10 Each Frame Header 10414 contains at least the following information; 

(1) offsets, relative to the France Header 10414, indicating the locations of Frame Headers 10414 of the 
previous and next frames of KOSMAS 10334; . 

(2) an offset relative to the Frame Header 10414, indicating the location of the top of that Frame 1 0412; 

(3) information indicating the number of passed arguments contained in that Frame 10412; 

IS (41 a dynamic back pointer, in UID/Offset format, to the previous Frame 10412 if that previous Frame 
10412 resides in another domain; 

(5) a UID/Offset pointer to the environn>ental descripter of the procedure calling that procedure; 

(6) a frame label sequence containing Information indicating the locations of other Frame Headers 
10414 in KOSMAS 10334; this information is used to locate other frames in KOSMAS 10334 forthe purpose 

20 of executing local go-to operations. Frame Headers 10414 thereby contain information for locating certain 
important points in KOSMAS 10334 stmcture, and certain data pertinent to executing the associated 
procedures. In addition. Frame Headers 10414, in combination with Stack Header 10410, contain 
information for linking the activation records of each VP 1031 0 MAS, and for linking together the activation 
records of the individual MAS's. 

2S Linkage Pointer Blocks 10416 contain pointers to arguments passed from a calling procedure to the 
called procedure. For example, Unkage Pointer Block 10416 of Procedure 11's Frame 10412 will contain 
poirrters to arguments passed to Procedure 1 1 from Procedure 10. The use of linkage pointers in CS 101 10's 
addressing structure vwll be discussed further in a following discussion of CS 10110's Addressing 
Structure. Local Data Poimer Blodcs 10418 contain pointers to certain of the associated procedure's local 

50 data. Indicated in Fig. 104 is a pointer. Frame Pointer (FP), pointing between top most Frame 10412's 
Linkage Pointer Blod; 10416 and Local Date Pointer Block 10418. FP, described further in following 
discussions, is an ABP to MAS Frame 10412 of the process's cunent procedure. 

Each Frame 10412's Local (Automatic! Data Block 10420 contains certain of the associated procedure's 
automatic data. 

35 As descrited atxyve, at each procedure call a MAS frame is constructed on top of the MAS of the 
domain in which the called procedure is executed. For example, when Procedure 10 calls Procedure 11 a 
Frame Header 10414 for Procedum 1 1 is constmcted and placed on KOSMAS 10334. Procedure 1 Vs linkage 
pointers are then generated, and placed in Procedure 1 1's Linkage Pointer Block 10416. Next Procedure 1 1's 
local pointers are generated and placed in Procedure 1 1's Local Pointer Block 10418. Rnally, Procedure 1 1's 
local data is placed in Procedure 11's Local Data Block 10420. During this operation, USERMAS 10328's 
frame label sequence is updated to include an entry pointing to Procedure 1 Vs Frame Header 10414. 
KOSMAS 10334's Stack Header 10410 is updated with respect to STO to the new top of KOSMAS 10334, 
Procedure 2*5 Frame Header 1 041 4 is updated vwth respect to offset to Frame Header 1 0414 of Procedure 1 1 
Frame 1 041 2, and with respect to frame label sequence Indicating location of Procedu re 1 1 's Frame Header 

45 10414. As Procedure 11 is then the current procedure, FP is updated to a point between Linkage Pointer 
Block 10416 and Local Pointer Block 10418 of Procedure IVs Frame 1 0412. Also, as will be discussed below, 
a new frame is cOTstracted on SS 10336 or Procedure 11. CS 101 10 will then proceed to execute Procedure 
11. During execution of Procedure 11, any further local data generated may be placed on the top of 
Procedure 11's Local Data Block 10420. Ihe top of stack offset information in Procedure 11's Frame Header 

50 10414 and in KOSMAS 10334 Stack Header 10410 will be updated accordingly. 

MAS's 10328 to 10334 ther^ provide a per domain stack mechanism for storing data pertaining to 
individual procedures, thus allowing stacking of procedures without loss of this data. Although structured 
on a domain basis, MAS's 10328 to 10334 comprise a unified logical stack structure threaded together 
through information stored in MAS stack and frame headers. 

SS As described above and previously, SS 10336 is a CS 10110 micromachine stack structure for storing, 
in part, CS 10110 micromachine state for each stacked VP 10310 procedure. Refening to Rg, 105, a partial 
schematic representation of a SS 10336 Stack Frame 10510 is shown. SS 10336 Stack Header 10512 and 
Frame Headers 10514 contain information amilar to that in MAS Stack Headers 10410 and Frame Headers 
10414. Again, the information contained therein locates certain points within SS 10335 structure, and 

60 threads together SS 10336 with MAS's 10328 to 10334. 

SS 10336 Stack Frame 10510 contains certain information used by the CS 10110 micromachine in 
executing the VP 10212 procedure with whirfi this frame is associated. Procedure Pointer Block 10516 
contains certain pointers including ABPs, used by CS 10110 micromachine in locating information within 
VP 10310's Information structures. Micro-Routine Frames (MRFs) 10518 together comprise Micro-Routine 

65 Stack (MRS) 10520 within each SS 10336 Stack Frame 10510. MRS Stack 10520 Is associated with the 
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internal operation of CS 10110 microroutines executed during execution of the VP 10212 procedure 
associated with the Stack Franne 10510. SS 10336 is thus a dual function CS 10110 micromachine stack. 
Pointer Block 1 051 6 entries effectively define an interface between CS 1 Oil 0 micromachine and the current 
procedure of the current process. MRS 10S20 comprise a stack mechanism for the internal operations of CS 
^ 10110 micromachine. 

Having briefly descrit)ed Virtual Processes 10212, FURSM 10214 will be d^cribed next As stated 
above, EURSM 10216 is similar in operation to FURSM 10214 and will be described in following detailed 
descriptions of CS 101 10 structure and operation. 

a FURSM 10214 {Fig. 103) 

Referring again to fig. 103, FURSM 10214 includes CS 10110 micromachine information structures 
used internally to CS 10110 micromachine in executing the procedures of a P 10310. When a VP, for 
example P 10310, is to be executed, certain information regarding that VP Is transferred from the Virtual 
Processes 10212 to FURSM 1021 4 for use in executing that procedure. In this respect, FURSM 1021 4 may be 
regarded as an acceleration mechanism for the current Virtual Process 10212. 

FURSM 10214 includes General Register RIe (GRF) 10354, Micro Stack Pointer Register Mechanism 
(MISPR) 10356, and Return Control Word Stack (RCWS) 103K, GRF 10354 includes Global Registers (GRs) 
10360 and Stack Registers (SRs) 10362. GRs 10360 include Architectural Base Registers (ABRs) 10364 and 
Micro-Control Registers (MCRs) 10366, Stack Registers 10362 indude Micro-Stack (MIS) 10368 and Monitor 
Stack (MOS) 10370. 

Referring first to GRF 1 0354, and assuming for example that Procedure 1 1 of P 1031 0 is currently being 
executed, GRF 10354 primarily contains certain pointers to P 10310 data used in execution of Procedure 11. 
As previously disussed, CS 10110's addressing structure includes certain Architectural Base Pointers 
(ABP's) for each procedure. ABPs provide a framework for excessing CS 10110's address space. The ABPs 
of each procedure include a Frame Pointer (FP), a Procedure Base Pointer (P6P}, and a Static Data Pointer 
(STP). As discussed above with reference to KOSPO 10318, these ABPs reside In ^e procedure's PEDs. 
When a procedure Is called, these ABPs are transferred from that procedure's PHD to ABR's 10364 and 
reside therein for the duration of that procedure. As indicated in Rg. 103, FP points betw^n Linkage 
Pointer Block 1041 6 and Local pointer Blocks 10418 of Procedure 1 1's Frame 10412 on KOSMAS 10334w PBP 
points to the reference point from which the elements of KOSP0 10318 are located. SDP points to KOSSDA 
10326, H Procedure 11 calls, for example, a Procedure 12, Procedure 11's ABPs will be transferred onto 
Procedure Pointer Block 1(K16 of SS 10336 Stack Frame lOSlOfor Procedure 11. Upon return to Procedure 
11, Procedure 11's ABPs will t>e transferred from Procedure Pointer Block 10516 to ABR's 10364 and 
execution of Procedure 1 1 resumed, 

MCRs 10336 contain certain pointers used by CS 10110 micromachine in executing Procedure 11. CS 
10110 micromachine pointers indicated in Fig, 103 include Program Counter (PC), Name Table Pointer 
(NTP), S-lnterpreter Pointer (SIP), Secure Stadc Points- (SSP), and Secure Stack Top Offset (SSTO). NTP and 
SIP have been previously described with reference to KOSPO 10318 and reside in KOSP0 1031& NTP and 
SiP are transferred into MCR's 1 0366 at start of execution of Procedure 1 1 . PC, as indicated in fig. 1 03, is a 

^ pointer to the Procedure 11 SIN currently being executed by CS 10110. PC is initially generated from 
Procedure 11's PBP and CEP and is thereafter incremented by CS 10110 micromachine as Procedure 11's 
SIN sequences are executed. SSP and SSTO are, as described In a following discussion, generated from 
information contained in SS 1033&'s Stack Header 10512 and f^me Headers 10514. As indicated In Rg. 103 
SSP points to start of SS 10336 while SSTO indicates the airrent top frame on SS 10336, wtiether 

^ Procedure Pointer Block 10516 or a MRF 10518 of MRS 10520, by indicating an offset relate to SSP. tf 
Procedure 11 calls a subsequent procedure, the contents of MQf's 10366 are trensferred into Procedure 
11's Procedure Pointer Block 10516 on SS 10336, and are retumed to MCR's 10366 upon return to 
Procedure 11, 

Registers 103®) contain further pointers, described in following detailed discussions of CS 10110 

so operation, and certain registers which may be used to comain the current procedure's local data. 

Referring now to Stack Registers 10362, MIS 10368 is an upward extension, or acceleration, of MRS 
10520 of the current procedure- As previously stated, MRS 10520 is used by CS 10110 micromachine in 
executing certain microroutines during execution of a particular procedure. MIS 103^ enhances the 
effidency of CS 10110 micromachine in executing these microroutines by accelerating certain most recent 

SS MRFs 10518 of that procedure's MRS 10520 into FU 10120. MIS 10368 may contain, for example, up to the 
eight most recent MRFs 10518 of the current procedures MRS 10520. As various microroutines are called or 
retumed from, MRS 10520 MRFs 10518 are transferred accordingly between SS 10336 and MIS 103^ so 
that MIS 103^ ahvays contains at least the top MRF 10518 of MRS 10520, and at most eight MRFs 1 0518 of 
MRS 10520. MISPR 10356 Is a CS 10110 micromachine mechanism for maintaining MIS 10368. MISPR 

60 10356 contains a Current Pointer, a Previous Pointer, and a Bottom Pointer. Current Pointer points to the 
top-most MRF 10518 on MIS 10368. Previous Pointer points to the previous MRF 10518 on MIS 10368, and 
Bottom Pointer points to the bottom-most MRF 10518 on MIS 103^. MISPR 10356's Current, Previous and 
Bottom Pointers are updated as MRFs 10518 are transferred between SS 10336 and MIS 10368. If Procedure 
11 calls a subsequent procedure, all Procedure 1 1 MRFs 10518 are transferred from MIS 10368 to Procedure 

€5 11's MRS 10520 on SS 10336. Upon return to Procedure 11. up to seven of Procedure 11's MRFs 10518 
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frames are returned from SS 10336 to MIS 103^. 

Referring to MOS 10370, MOS 10370 is a stack mechanism used by CS 10110 micromachinefor certain 
microroutines for handling fautt or error conditions. These microroutines always run to completion, so that 
MOS 10370 resides entirely in FM 10120 and is not an extension of a stack residing In a P 10310 in MEM 
10112 MOS 10370 may contain, for example, eight frames. If more than eight successive fault or error 
conditions occur, this is regarded as a major failure of CS 10110. Control of OS 10110 niay then be 
transferred to DP 10118. As will be described In a following discussion, diagnostic programs in DP 10118 
may then be used to diagnose and locate the CS 101 10 faults or errors, in other embodiments of CS 101 10 
MOS 10370 may contain more or fewer stack frames, depending upon the degree of self diagnosis and 
correction capability desired for CS 10110. .. . . ^ ^ „ 

RCWS 10358 is a two-part stack mechanism. A first part operates in parallel wrth MIS 10368 and a 
second part operates in parallel with MOS 10370. As previously described, CS 10110 is a micn^code 
controlled system. RCWS is a stack for storing the current microinstruction being executed by CS 101 10 
micromachine when the current procedure is interrupted by a fault or error condition, or when a 
'5 subsequent procedure is called. That portion of RCWS 10358 associated with MIS 10368 contains an entry 
for each MRF 10518 residing in MIS 10368. These RCWS 10358 entries are transferred between SS 10336 
and MIS 10368 in parallel with their associated MRFs 10518. When resident in SS 10336. these RCWS 10358 
entries are stored within their associated MRFs 10518. That portion of RCWS 10358 associated with MOS 
10370 similariy operates in parallel with MOS 10370 and, like MOS 10370, is not an extension of an MEM 
^0 10112 resident stack. - j ♦i*. 

In summary, each process active In CS 101 10 exists as a separate, complete, and self-contained entity, 
or Virtual Process, and is structurally organized on a domain basis. Each Virtual Process includes, besides 
procedure and data objects, a set of MAS's for storing local data of that processes procedures. Each Virtual 
Process also Includes a CS 101 10 micnimachine stack, SS 10336, for storing CS 101 10 micramachine state 
2S pertaining to each stacked procedure of the Virtual Process, CS 10110 micromachine includes^ a set of 
information structures, register 10360, MIS 10368, MOS 10370, and RCWS 10358, used by CS 10110 
micrxHnachine in executing the Virtual Process's procedures. Certain of these CS 10110 micromachme 
information structures are shared with the currently executing Virtual Process, and thus are effectively 
accderation mechanisms for the current Virtual Process, while others are completely internal to CS 101 10 

^ micromachine. , - »«cfvji 

A primary feature of CS 101 10 is that eac^ process' macrostacks and secure stack resides in MEM 
10112. CS 101 ID'S macrostack and secure stacks are therefore effectively unlimited in depth. 

Yet another feature of CS 10110 micromachine Is the use of GRF 10354. GRF 10354 is, in an 
embodiment of CS 10110, a unitary regi^r array containing for example, 256 registers. Certain portions, or 
3S address locations, of GRF 10354 are dedicated to, respectively, GRs 103®), MIS 10368, and MOS 10370. The 
capacities of GR 10360, MIS 10368, and MOS 10370, may therefore be adjusted, as required for optimum CS 
10110 efficiency, by iBassignment of GRF 10354's address space. In other embodiments of CS 10110, GRs 
10360, MIS 10368, and MOS 10370 may be Implemented a functionally separate registers arrays. 

Having briefly described the structure and operation of Process Structures 10210, VP State Block 10218 
^ will be described next below. 

C. Virtual Processor State Blocks and Virtual Process Creation (Rg. 102) 

Referring again to Rg. 102, VP State Blocks 10218 is used in management and control of processes. VP 
State Blocks 10218 contains a VP State Block for each Virtual Process (VP) selected for execution by CS 
45 10110. Each such VP State Block contains at least the following information: (1) the state, or identification 
number of a VP; 

(2) entries identifying the particular principle and particular process of the VP; 

(3) an AON pointer to that VP's secure stack (e.g., SS 10336); 

(4) the AON's of that VP's MAS stack objects (e.g.. MAS's 10328 to 10334); and, 
50 (5) certain information used by CS 10110's VP Management System. 

The information oontained in each VP State Block thereby defines the current state of the asociated VP. 

A Process is loaded into CS 101 10 by building a primitive access record and loading this access record 
into CS 10110 to appear as an already existing VP. A VP is created fay creating a Process Object, including 
pointers to macro- and secure-stack objects created for that VP, micromachine state entries, and a pointer 
SS to the user's program. CS 101 10's KOS then generates Macro- and Secure-Stack Objects with headers for 
that process and, as described further below, loads protection information regarding that process' objects 
into protection Structures 10230. CS 10110's KOS then copies this primitive machine state record into a 
vacant VPSB selected by CS 10110's VP Manager, thus binding the newly created VP into CS 10110. At tiiat 
time 8 KOS Initializer procedure completes creation of the VP for example by calling in the user's program 
€0 through a compiler. The newly creatd VP may then be executed by CS 10110. 

Having briefly described VP State Blocks 10218and creationof a VP, CS 10110's Addressing Structures 
10220 vAW be decribed next below. 
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D. Addressing Structure 10220 (Rgs. 103, 106, 107, 108) 

1. Objects, UiCTs, AON's, Names, and Physical Addresses {Rg. 106> 

As previously described, the data space accessible to CS 1 0il 0 is divided into segments, or containers, 
referred to as objects. In an embodiment of CS 10110, the addressable data space of each object has a 
5 capacity of 2" bhs of information and is structured into 2^^ pages with each page containing 2^* bits of 
information. 

Referring to Rg, 106A, a schematic representation of CS 101 10's addressing structure is shown. Each 
object a^led for use in, or by operation of, a CS 10110 is permanently assigned a unique identifier (UID). 
An object's UID allows an object to be uniquely identified and located at any future point in time. Each UID 

w is an 80 bit number, so that the total addressable space of all CS 1 01 10's includes 2** objects wherein each 
object may contain up to 2®* bite of information. As indicated in Rg. 1 06, each 80 bit UID is comprised of 32 
bits of Logical Allocation Unit Identifier (LAUID) and 48 bits of Object Serial Number (OSNh IJVUIDs are 
associated with individual CS 10110 systems. LAUIDs identify the particular CS 10110 system generating a 
particular object. Each lAUID is comprised of a Logical Allocation Unit Group Number (LAUGN) and a 

15 Lo^cal Allocation Unit Serial Number (LAUSN). LAUGNs are assigned to individual CS 101 10 systems and 
may be guaranteed to be unique to a particular system. A particular system may, however, be assigned 
more than one LAUGN so that there may be a time varying mapping between LAUGNs and CS 10110 
systems. LAUSNs are assigned within a particular system and, v^iie LAUSNs may be unique within a 
par^cular system, LAUSNs need not be unique between systems and need not map onto the physical 

20 structure of a particular system. 

OSlMs are associated with individual objects created by an LAU and are generated by an Architectural 
Clock in each CS 10110. Architectural clock is defined as a 64 bit binary number representing increasing 
time. Least significant bit of architectural clock represents increments of 600 picoseconds, and most 
significant bit represents increments of 127 years. In the present embodiment of CS 10110, certain most 

25 significant and least significant bits of architectural clock time are disregarded as generally not required 
practice. Time indicated by architectural dock is measured relative to an arbitrary, fixed point in time- This 
point in time is the same for all CS 101 10s which will ever be constructed. All CS 10110s in existence will 
therefore indicate the same architectural clock time and all UIDs generated will have a common basis. The 
use of an architectural clock for generation of OSNs is advantageous in that it avoids the possibility of 

30 accidental duplication of OSNs if a CSC 10110 fails and is subsequently reinitiated. 

As stated above, each object generated by or for use in a CS 10110 Is uniquely identified by its 
associated UID. By appending Offeet (O) and Length (L) information to an object's UID, a UID logical 
address is generated which may be used to locate particular segments of data residing in a particular 
object As indicated in Rg, 106, 0 and Lfields of a UID logical address are each 32 bits. 0 and Lfields can 

35 therefore indicate any particular bit, out of 2^"^ bits, in an object and thus allow bit granular addressing of 
information in objects. 

As indicated in Rg. 106 and as previously described, each object acdve in CS 10110 is assigned a short 
temporary unique identifier valid only within JP 10114 and referred to as an Active Object Number (AON). 
Because fewer objects may be acfive in a CS 101 ID than may exist in a CS 101 10's address space, AON's 

40 are, in the present embodiment of CS 10110, 14 bits in length, A particular CS 10110 may tiierefore contain 
up to 2*** active objects. An object's AON is used within JP 101 14 in place of that objecfs UID. For example, 
as discussed above with reference to process structures 10210, a procedure's FP points to start of that 
procedure's frame on its process' MAS. When that FP is residing in SB 10336, it is expressed as a UID. 
When that procedure is to be executed, FP is transferred from SS 10336 to ABR's 10364 and is translated 

45 into the corresponding AON. Similarly, when that procedure is stacked, FP is retumed to SS 10336 and in 
doing so \b translated into the corresponcfing UID. Again, a particular data segment in an object may be 
address^ by means of an AON logical address comprising the object's AON plus associated 32 bit Offeet 
(01 and Length (L) fields. 

Each operand appearing in a process is assigned a Name and all references to a process's operands are 

so through those assigned Names. As Indicated in Rg. 106B, in the present embodiment of CS 10110 each 
Name is an 8, 1 2, or 16 bit numtwr. All Names within a particular process will be of the same length. As will 
be described in a following discussion. Names appearing during execution of a process may be resolved, 
through a procedure's Name Table 10350 or through Name Cache 10226, to an AON logical address. As 
described below, an AON logical address corresponding to an operand Name may then be evaluated to a 

^ MEM 10112 physical address to locate the operand referred to. 

The evaluation of AON logical addresses to MEM 101 12 physical addresses is represented In Rg. 106C. 
An AON logical address's L field is not involved in evaluation of an AON logical address to a physical 
address and, for purposes of clarity of presentation, is therefore not represented in Rg. 1(^ AON logical 
address L field is to be understood to be appended to the addresses represented in the various steps of the 

so evaluation procedure shown in Rg. 106C. 

As described above, objects are 2^ bits stojctured into 2^^ pages with each page containing a 2^^ bits of 
data. MEM 10112 is similariy physically structured into frames with, in the present embodiment of CS 
10110, each frame containing 2'* bits of data. In other embodiments of CS 10110, both pages and frames 
may be of different sizes but the translation of AON logical addresses to MEM 10112 physical addresses will 

^ be simifar to that described momentarily. 
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An AON logical address O field was previously described as a 32 bit number representing the start, 
relative to start of the object, of the addressed data segment within the object The 18 most significant bits 
of O field represent the number (P) of the page within the object upon which the first bit of the addressed 
data occurs. The 14 least significant bits of O field represent the offset (Op), relative to the start of the page, 
within that page of the first bit of the addressed data. AON logical address O field may therefore, as 
indicated in Fig, 106C. be divided into an 18 bit page (P) field and a 14 bit offset within page (Op) field. Since, 
as described above, MEM 10112 physical frame dze is equal to object page size, AON logical address Op 
field may be used directly as an offset within frame (0,) field of the physical address. As will be described 
below, an AON logical address AON and Pfields may then be related to the frame number (FN) of the MEM 
10112 frame In which that page resides, through Addressing Mechanisms 10220, 

Having briefly described the relationships between UIDs, UID Logical Addresses, Names, AONs, AON 
Logical Addresses, and MEM 10112 Physical Addresses, Addressing Mechanisms 10220 will be described 
next below. 

2. Addressing Mechanisms 10220 (Rg. 107) 

Referring to Fig. 107, a schematic representation of Computer System 10110's Addressing 
Mechanisms 10220 is shown. As previously described. Addressing Mechanisms 10220 comprise UID/AON 
Tables 10222, Memory Management Tables 10224, Nan>e Cache 10226, and Address Translation Unit 
1022a 

UID/AON Tables 10222 relate each object's UID to its assigned AON and include ACT Hash Table 
(AOTHT) 10710, Active Object Table (AOT) 10712, and Active Object Table Annex (AOTA) 10714. 

An AON corresponding to a particular UID is d^rmined through AOTHT 10710. The UID is hashed to 
provicte a UID index into AOTHT 10710, which then provides the corresponding AON. AOTHT 10710 is 
effectively an accderation mechanism of AOT 1 0712 to, as just described, provide rapid translation of UIDs 
to AONs. AONs are used as index^ into AOT 10712, which provides a corresponding AOT Entry {A0TE3. 
An AOTE as descril>ed in following detailed discussions of CS 101 10, includes, among other information, 
^e UID corresponding to the AON indewng the AOTE. In addition to providing translation between AONs 
and UIDs, the UID of an AOTE may be compared to an original UID to determine the correctness of an AON 
from AOTHT 10710. 

Associated with AOT 10712 is AOTA 10714. AOTA 10714 is an extension of AOT 10712 and contains 
certain information pertaining to active objects, for example the domain of execution of each active 
procedure object. 

Having briefly described CS 10110's mechanism for relating UIDs and AONs, CS 10110*3 mechanism 
for resolving operand Names to AON logical addresses will be described next below. 

3. Name Resolution (Rgs. 103, 108) 

Referring first to Hg. 103, each procedure object in a VP, for example KOSPO 10318 in VP 10310, was 
descrii:^ as containing a Name Table (NT) 10350. Each NT 10350 contains a Name Table Entry (NTE) for 
each operand whose Name appears its procedure. Each NTE contains a description of how to resolve the 
corresponding Name to an AON Logical Address, including fetch mode information, type of data referred 
to by that Name, and length of the data segment referred to. 

Refem'ng to Rg, 108, a representation of an NTE is shown. As indicated, this NTE contains seven 
information fields: Flag, Base (B), Predispiacement (PR), Length (L), EMsplacement (D), Index (I), and Inter- 
element Spacing (lES). Flag Reld, in part, contains information describing how the remaining fields of the 
NTE are to be interpreted, type of information referred to by the NTE. and how that information is to 
handled when fetched from MEM 10112, L Held, as previously described, indicates length, or number of 
bits in, the data segment Functions of the other NTE fields will be described during the following 
discussions. 

In a present embodiment of CS 10110, there are five types of HXE: (1) base (B) is not a Name, address 
resolution is not indirect; (2) B is not a f^ame, address resolution is indirect; (3) 6 is a Name, address 
resolution is Indirect; (4) B is a Name, address resolution is indirect. A fifth type is an NTE selecting a 
particular element from an array of elements. The^ five types of NTE and their resolution will be described 
below, in the order mentioned. 

In the first type, B is not a Nan^ and address resolution is not indirect, B Reld specifies an ABR 10364 
containing an AON plus offset (AON/O) Pointer. The contents of D Reld are added to the O Field of this 
poimer, and the result is the AON Logical Address of the operand. In the second type, B is not a Name and 
address resolution is indirect B Reld again specifies an ABR 10364 containing an AON/0 pointer. The 
contents of PR Reld are added to the 0 Field of the AON/0 pointer to provide an AON Logical Address of a 
Base Pointer. The Base Pointer AON Logical Address is evaluated, as described below, and the Base Pointer 
fetched from MEM 10112. The contents of D Reld are added to the O Reld of the Base Pointer and the result 
is the AON Logical Address of the operand. 

NTE types 3 and 4 conrespond, respectively to NTE types 1 and 2 and are resolved in the same manner 
except that B Reld contains a Name. The B Reld Name is resolved through another NTE to obtain an AON/ 
O pointer which is used in place of the ABR 10364 pointers referred to in discussion of types 1 and 2. 

The fifth type of NTE is used in references to elements of an array. These array NTEs are resolved in the 
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same manner as NTE types 1 through 4 above to provide an AON Logical Address of the start of the array. I 
and lES Relds provide additional information to locate a particular element in the array. I Reld is aWvays 
Name which is resolved to obtain an operand value representing the particular element in the array. lES 
Reld provides information regarding spacing between elements of the array, that is the number of bits 
between adjacent element of the an-ay. lES Reld may contain the actual lES value, or it may contain a Name 
which is resolved to an AON Logical Address leading to the inter-element spacing value. The I and IBS 
values, obtained by resolving the I and iES Relds as just described, are multiplied together to determine the 
offset, relative to the start of the array, of the particular element referred to by the NTE. This within array 
offset is added to the 0 Reld of the AON Logical Address of the start of the array to provide the AON Logical 
Address of the element 

In the current embodiment of CS 10110, certain NTE fields, for example B, D, and Rag fields, always 
contain literals. Certain other fields, for example, IES, D, PRE, and L fields, may contain either literals or 
names to be resolved. Yet other fields, for example I field, always contain names which must be resolved. 

Passing of arguments from a calling procedure to a called procedure has been previously discussed 
with reference to Virtual Processes 1021 2 above, and more specifically with regard to MAS's 10328 to 10334 
of VP 10310. Passing of arguments is accomplished through the calling and called procedure's Name 
Tables 10350. In illustration, a procedure W{a, b, c) may wish to pass arguments a, b, and c to procedure 
X(u, V, w), where arguments, v and w correspond to arguments a, b, and c. At compilation, NTEs are 
generated for arguments a, b, and c in procedure Ws procedure object, and NTEs are generate for 
arguments u, v and w in Procedure X's procedure object Procedure X's NTEs for u, v, and w are 
constructed to resolve to point to pointers in Linkage Pointer Block 10416 of Procedure X's Frame 10412 in 
MAS. To pass arguments a, b, and c from Procedure W to Procedure X, the NTEs of arguments a, b, and c 
are resolved to AON Logical Addresses (i.e., AON/0 form). Arguments a, b, and c's AON Logical Addresses 
are then translated to corresponding UID addresses which are placed in Procedure X's Linkage Pointer 
Block 10416 at those places pointed to by Procedure X's NTEs for u, v, and w. When Procedure X is 
executed, the resolutJon of Procedure X's NTEs for u, v, and w will be resolved to locate the pointers, in 
Procedure X's Linkage Pointer Block 10416 to arguments a, b, and c. When arguments are passed in this 
manner, the data type and length information are obtained from the called procedure's f^iTEs, rather than 
the calling procedure's NTEs. This allows the calling procedure to pass only a portion of, for example, 
arguments a, b, or c, to the called procedure and thus may be regarded as a feature of CS 10110's 
protection mechanisms. 

Having brieny descnbed resolution of Names to AON/Offset addresses, and having previously 
described translation of UID addresses to AON addresses, the evaluation of AON addresses to MEM 101 12 
physical addresses will be d^ribed next below. 

35 

4. Evaluation of AON Addresses to Phy^cal Addresses (Fig. 107) 

Referring again to Rg. 107, a partial schematic representation of CS tone's Memory Management 
Table 10224 is shown. Memory Hash Table (MHT) 10716 and Memory Frame Table (MFT) 10718 are 
concerned with translation of AON addresses into MEM 10112 physical addresses and will be discussed 
first Working Set Matrix (WSM) 10720 and Virtual Memory Manager Request Queue (VMMRQ) 10722 are 
concemed with management of MEM 101 irs available physical address base and will be discussed 
second, AcOve Object Request Queue (AORQ) 10728 and Logical Allocation Unit Directory (LAUD) 10730 
are concemed with locating inactive objects and management of which objects are active in CS 10110 and 
will be discussed last 

Translation of AON/O Logical Addresses to MEM 10112 physical addresses was previously discussed 
with reference to Rg. 1CteC. As stated in that discussion, objects are divided into pages. Correspondingly, 
the AON/0 Logical Address' O Field is divided into an 18 bit page number |P) Reld and a 14 bit offset within 
a page (OpI Reld. MEM 10112 is structured into frames, each of which In the pr^ent embodiment of CS 
10110 is equal to a page of an object An AON/O address' Op Reld may therefore be used directly as an 
50 offset within frame (Of) of the corresponding physical address. The AON and P fields of an AON address 
must however, be translated into a MEM 10112 frame represented by a corresponding Frame Number 
(FN). 

Referring now to Rg. 107, an AON address' AON and P Relds are "hashed" to generate an MHT index 
which is used as an index into MHT 10716. Briefly, "hashing" is a method of indexing, or locating, 

55 information in a table wherein indexes to the information are generated from the information itself through 
a "hashing function". A hashing function maps each piece of information to the corresponding index 
generated from it through the hashing function. MHT 10716 then provides the corresponding FN of the 
MEM 10112 frame in which that page is stored. FNs are used as indexes into MFG 10718, which contains, 
for each FN, an entry describing the page stored in that frame. This information includes the AON and P of 

a? the page stored in that MEM 101 12 frame. An FN from MHT 1071 6 may therefore be used as an Index into 
MFT 10718 and the resulting AON/P of MFT 10718 compared to the original AON/P to confirm the 
correctness of the FN obtained from MHT 10716. MHT 10716 is an effectively acceleration mechanism of 
MFT 10718 to provide rapid translation of AON address to MEM 10112 physical addresses. 

MFT 10718 also stores "used" and "modified" information for each page in MEM 10112. This 

€5 irrformation indicates which page frames stored therein have been used and which have been modified. 
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This information is used by CS 10110 in determining which frames may be deleted from MEM 101 1 2, or are 
free, when pages are to be written into MEM 101 12 from backing store {ED 10124). For example, if a page's 
modified bit indicates that that page has not been written into, it Is not necessary to write that page back 
into backing store when it is deleted from MEM 10112; instead, that page may be simply erased, 

5 Referring finally to ATU 10228, ATU 10228 is an acceleration mechanism for MHT 10716. AON/0 
addresses are used directly, without hashing, as indexes into ATU 10228 and ATU 10228 correctly provides 
corresponding FN and 0 outputs. A CS 10110 mechanism, described in a following detailed discussion of 
CS 1 01 10 operation, continually updates the contents of ATU 10228 so that ATU 10228 contain the FtM's and 
Op (0<) of the pages most frequently referenced by the current process, tf ATU 10228 does not contain a 

70 corresponding entry for a given AON input an ATU fault occurs and the FN and O information may be 
obtained directly from MHT 10716. 

Referring now to WSM 10720 and VMMRQ 10722, as previously stated these mechanisms are 
concerned with the management of MEM 10n2's available address space. For example, if MHT 10716 and 
MFT 10718 do not contain an entry for a page referenced by the current procedure, an MHT/MFT fault 

^5 occurs and the reference page must be fetched from backing store (ED 10124) and read into MEM 101 12. 
WSM 10720 contains an entry for each page resident in MEM 101 12. These entries are accessed by indexes 
comprising the Virtual Processor Number (VPN) of the virtual process making a page reference and the P of 
the page being referenced. Each WSM 10720 entry contains 2 bits stating whether the particular page is 
part of a VP's working set, that is, used by that VP, and whether that page has been referenced by that VP. 

20 This information, together with the information contained in that MFT 10718 entries described above, is 
used by CS 10110's Virtual Memory Manager (VMM) in transferring pages into and out of MEM 10112. 

CS lOnO's VMM maintains VMMRQ 10722, which is used by VMM to control transfer of pages into and 
out of MEM 10112. VMMRQ 10722 includes Virtual Memory Request Counter (VMRC) 10724 and a Queue of 
Virtual Memory Request Entries (VMREs) 10726. As will be discussed momentarily, VMRC 10724 tracks the 

?5 number of currently outstanding request for pages. Each VMRE 10726 describes a particular page which 
has been requested. Upon occurrence of a MHT/MFT (or page) fault VMRC 10724 is incremented, which 
initiates operation of CS 10110's VMM, and a VMRE 10726 is placed in the queue. Each VMRE 10726 
comprises the VPN of the process requesting the page and the AON/0 of the page requested. At this time, 
the VP making the request is swapped out of JP 101 14 and another VP bound to JP 101 14. VMM allocate 

30 MEM 101 12 frame to contain Ihe requested page, using the previoiely described information in MFT 10718 
and WSM 1 0720 to select this frame. In doing so, VMM may discard a page currently resident In MEM 10112 
for example, on the basis of b«ng the eldest page, an unused page, or an unmodified page which does not 
have to be written back into backing store. VMM then requests an I/O operation to transfer the requested 
page into the frame selected by the VMM. While the I/O operation is proceeding, VMM generates new 

35 entries in MHT 10716 and MFT 10718 for the requested page, cleans the frame in MEM 101 12 which is to be 
occupied by that page, and suspends operation. lOS 10116 will proceed to execute the I/O operation arnJ 
writes the requested page directly into MEM 10112 in the franrie specified by VMM. lOS 10116 then notifies 
CS 10110's VMM that the page now resides in memory and can be referenced. At some later time, that VP 
requesting that page will resume execution and repeat that reference. Going first to ATU 10228, that VP will 

40 take an ATU 10228 feult since VP 10212 has not yet been updated to contain that page. The VP will then go 
to MHT 10716 and MFT 10718 for the required information and, concurrently, WSM 10720 and ATU 10228 
will be updated. 

In regard to the above operations, each VP active in CS 10110 is assigned a Page Fault Frequency Time 
Factor (PFFT) which is used by CS 101 10's VMM to adjust that VP's woricing set so that the interval between 

4S successive page faults for that VP lies in an optimum time range. This assists in ensuring CS 10110's VMM 
is operating most efficiently and allows CS 10110's VMM to be tuned as required. 

The above discussions have assumed that the page being referenced, whether from a UID/0 address, 
an AON/0 address, or a Name, is resident in an object actwe in CS 10110. While an object need not have a 
page in MEM 10112 to be active, the object must be active to have a page in MEM 10112. AVP, however, 

&j may reference a page in an object not active in CS 101 10. tf such a reference is made, the object must be 
made active in CS 101 10 before the page can be brought into MEM 101 12. The result is an operation ^milar 
to the page fault operation described above. CS 10110 maintains an Active Object Manager {AOM), 
including Active Object Request Queue (AORQ) 10728, which are similar in operation to CS 10110's VMM 
and VMMRQ 10722. CS 10110's AOM and AORQ 10728 operate in conjunction with AOTHT 10710 and AOT 

55 1071 2 to locate inactive objects and make them active by assigning them AON's and generating entries for 
ti^em in AOTHT 10710, AOT 10712, and AOTA 10714. 

Before a particular object can be made active in CS 10110, it must first be located in backing store (ED 
10124). All objects on backing store are located through a Logical Allocation Unit Directory (LAUD) 10730, 
which is resident in backing store. An LAUD 10730 contains entries for each object accessible to the 

«? particular CS 101 10. Each LAUD 10730 entry contains the information necessary to generate an AOT 10712 
entry for that object. An LAUD 10730 is accessed through a UID/0 address contained in CS 10110*8 VMM, A 
reference to an LAUD 10730 results in MEM 10112 frames being assigned to that LAUD 10730, and LAUD 
10730 being transferred into MEM 101 12, If an LAUD 10730 entry exists for the referenced inactive object, 
the LAUD 10730 mtxy is Uansferred into AOT 10712. At the next reference to a page in that object AOT 

65 10712 will provide the AON for that object but, because the page has not yet been transferred into MEM 



39 



EP 0 067 556 B1 



10112, a page fauH will occur. This page fault will be handled In the manner described above and the 
referenced page transferred into MEM 10112. 

Having briefly described the structure and operation of CS 101 10's Addressing Structure, including the 
relationshi p between UIDs, Names, AONs, and Physical Addresses and the mechanisms by which CS 1 01 1 0 
manages the available address space of MEM 10112, CS 10110's protection structures will be described 
next below. 

£. CS 10110 Protection Mechanisms (Rg. 109) 

Referring to Rg, 109, a sdiematic representation of Protection Mechanisms 10230 is shown. Protection 
Tables 10232 Include Active Primitive Access Matrbt (APAM) 10910, Active Subject Number Hash Table 
(ASNKT) 10912, and Active Subject Table (AST) 10914. Those portions of Protection Mechanism 10230 
resident in FU 10120 include ASN Register 10916 and Protection Cache (PC) 10234. 

As previously discussed, access rights to objects are arbitrated on the basis of subjects. A subject has 
been defined as a particular combination of a principle. Process, and Domain (PPD), each of which is 
identified by a corresponding UID. Each object has associated with it an Access Control Ust (ACL) 10918 
containing an ACL Entry (ACLE) for each subject having access rights to that object. 

When an object becomes active in CS 101 10 (i.e., is assigned an AOfSI) each ACLE in that object's ACL 
10918 is written into APAM 10910. Ctoncurrentty, each subject having access rights to that object, and for 
which there is an ACLE in that object's ACL 10918, Is assigned an Active Subject Number (ASN). These 
ASNs are written into ASNHT 10912 and their corresponding PPDs are written into AST 10914. 
Subsequently, the ASN of any su^ect requesting access to that object is obtained by hashing the PPD of 
that subject to obtain a PPD index into ASNHT 10912. ASNHT 10912 will in turn provide a corresponding 
ASN, An ASN may used as an index into AST 10914. AST 10914 will provide the corresponding PPD, 
which may be compared to an original PPD to confirm the accuracy of the ASN, 

As described above, APAM 10910 contains an ACL 1 0918 for each object active in CS 101 10. The access 
rights of any particular active subject to a particular active object are determined by using that subject's 
ASN and that object's AON as indexes into APAM 10910. APAM 10910 in turn provides a 4 bit output 
defining whether that subject has Read (R) Write (W) or Execute (E) rights with re^>ect to that object, and 
whether that particular entry Is Valid (V). 

ASN Register 1091 6 and PC 10234 are effectively acceleration nr^echanisms of Protection Tables 1 0232. 
ASN Register 1091 e stores the ASN of a currently active subject while PC 10234 stores certain access right 
information for objects being used by the cun-ent process. PC 10234 entries are indexed by ASNs from ASN 
register 10916 and by a mode input from JP 10114. Mode input defines whether the current-procedure 
intends to read, write, or execute with respect to a particular object having an entry in PC 10234 Upon 
receiving ASN and mode inputs, PC 10234 provides a go/nogo output indicating whether that subject has 
the access rights required to execute the intended operation with respect to that object. 

In addition to the above medwnism, each procedure to which arguments may be passed in a cross- 
domain can has associated wrtii it an Access Infonriaticn Array (AlA) 10352, as discussed wtth reference to 
Virtual Process^ 10212. A procedure's AIA 10352 states what access rights a calling procedure (subject) 
must have to a particular object (argument) before the called procedure can operate on the passed 
argument CS 10110's protection mechanisms compare the calling procedures access rights to the rights 
required by the called procedure. This insures the calling procedure may not ask a called procedure to do 
what the calling procedure is not allowed to do. Effectively, a calling procedure can pass to a called 
procedure only the access rights held by the calling procedure. 

Rnally, PC 10234, APAM 1C©10, or ASTi 091 4 faults (Le., misses) are handled in the same manner as 
described above wth reference to page faults In discussion of CS 101 tO's Addressing Mechanisms 10220. 
As such, the handling of protection misses will not be discussed further at this point 

Having briefly described structure and operation of CS 10110's Protection Mechanisms 10230, CS 
101 10's Micro-instruction Mechanisms 10236 will be described next below, 

F. CS 10110 Micro-Instruction Mechanism (Rg. 110) 

As previously described, CS 10110 is a multiple language n^achine. Each program written in a high 
level user language is compiled into a corresponding S-Language program containing instructions 
expressed as SINs. CS 10110 provides a set, or dialect, of microcode instructions, referred to as S- 
interpreters (SINTs) for each S-Language. SINTs interpret SINs and provide corresponding sequences of 
microinstructions for detaiied control of CS 10110. 

Referring to Rg, 110, a partial schematic representation of CS 10110's Micro-instruction Mechanisms 
10236 is shown. At system initialization all CS 10110 microcode, including SINTs and all machine assist 
microcode, is transferred from backing store to Micro-Code Control Store (mCCS) 10238 in MEM 10112. 
The Micro-Code is then transferred from mCCS 10238 to FU Micro-Code Structure (FUmC) 10240 and EU 
Micro-Code Structure (EUmC) 10242. EUmC 10242 is similar in structure and operation to FUmC 10240 and 
thus will be described In following detailed descriptions of CS 10110's structure and operation. Similariy, 
CS 10110 machine assist microcode will be described in following detailed discussions. The present 
discussion will concern CS 10110's S-lnterpreter mechanisms. 

CS 10110's S-interpreters (SINTs) are loaded Into S-lnterpret Table (SITT) 11012, whi<^ Is represented 
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in Rg. 110 as containing S-lnterpreters 1 to N. Each SIT contains one or more sequences of micro-code; 
each sequence of microcode corresponds to a particular SIN In that S-Language dialect. S-lnterpreter 
Dispatch Table [SOT) 11010 contains S-lnterpreter Dispatchers (SDs) 1 to N. There is one SD for each SINT 
in Srmi012, and thus a SDfor each S-Language dialect Each SD comprises a set of pointers. Each pointer 
5 in a particular SD corresponds to a particular SIN of that SD's dialect and points to the corresponding 
sequence of microinstructions for interpreting that SIN in thatdialecfsSTTin SITT11012. In illustration, as 
previously discussed when a particular procedure is being executed the SIP for that procedure is 
transferred into one of mCR's 10365. That SIP points to Xhe start of the SD for the SIT which is to be used to 
interpret the SiNs of that procedure. In Rg, 110, the SIP fn mCRs 10366 is shown as pointing to the start of 
SD2. Each S-Op appearing during execution of that procedure is an offset relative to the start of the 
selected SD, pointing to a corresponding SD pointer. That SD pointer in turn points to the corresponding 
sequence of microinstructions for interpreting that SIN in the corresponding SIT in SITT 11012. As will l>e 
described in following discussions, once the start of a microcode sequence for interpreting an SIN has been 
selected; CS 10110 micromachine then proceeds to sequentially call the microinstructions of that sequence 
from Snr 1 1012 and use those microinstructions to control operation of CS 10110. 

G. Summary of Certain CS 10110 Features and Alternate Embodiments 

The above Introductory Overview has described the overall structure and operation and certain 
features of CS 101, that is. CS 10110. The above Introduction has further described the structure and 
operation and further features of CS 101 1 0 and, in particular, the physical implementation and operation of 
CS 10110's information, control, and addressing mechanisms. Certain of these CS 10110 features are 
summarized next below to briefly state the basic concepts of these features as implemented in CS 1 01 1 0. »n 
addition, possible altemate embodiments of certain of these concepts are described. 

Rrst CS 10110 is comprised of a plurality of indeperwJently operating processors, each processor 

25 having a separate microinstruction control. In the present embodiment of CS 10110, these processors 
include RJ 10120, EU 10122, MEM 10112 and lOS 10116, Other such independently operating processors, 
for example, special arithmetic processors such as an array processor, or multiple FU 10120's, may be 
added to the present CS 10110. 

In this regard, MEM 101 12 ts a muhiport processor having one or more separate and independent ports 

50 to each processor in CS 10110. All communications between CS 10110's processors are through MEM 
1 01 1 2, so that MEM 1 01 12 operates as the central communications node of CS 101 1 0, as well as performing 
memory operations. Further separate and indeperident ports may be added to MEM 10112 as further 
processors are added to CS 10110. CS 10110 may therefore he described as comprised of a plurality of 
separate, independent processors, eadi having a separate microinstruction control and having a separate 

^ and independent port to a central communications and memory node which in itself is an independent 
priKessor having a separate and independent microinstruction control. As will be further described in a 
following detailed d^ription of MEM 10112, MEM 10112 itself is comprised of a plurality of independently 
operating processors, each performing memory related operations and each having a separate 
microinstruction control. Coordination of operations between CS 10110's processors is achieved by 

40 passing "messages" between the processors, for example, SOP's and descriptors. 

CS lOIIO's addressing mechanisms are based, first, upon UID addressing of objects. That is, all 
infomnation generated for use in or by operation of a CS 10110, for example, data and procedures, is 
structured into objects and each object is assigned a permanent UID. Each UID is unique within a particular 
CS 101 10 and between all CS 101 1 0*5 and is permanently associated with a particular object The use of UID 

45 addressing provides a permanent, unique addressing means which is common to all CS 10110's, and to 
other computer systems using CS lOllCs UID addressing. 

Effectively, UID addressing means that the address (or memory) space of a particular CS 10110 
includes the address space of all systems, for example disc drives or other CS 10110s, to which that 
particular CS 101 10 has access, UID addressing allows any process in any CS 10110 to obtain access to any 

50 object in any CS 101 10 to which it has physical access, for example, another CS 101 10 on the other side of 
the worid* This access is constrained only by CS 101 10*8 protection mechanism. In alternate embodiments 
of CS 10110, certain UIDs may be set aside for use only within a particular CS 10110 and may be unique 
only within that particular CS 10110. These reserved UIDs would, however, t>e a limited group known to all 
CS 10110 systems as not having uniqueness between systems, so that the unique object addressing 

55 capability of CS 10110's UID addressing is preserved. 

As previously stated, AONs and physical descriptors are presently used for addressing within a CS 
10110, effectively as shortened UIDs, In altemate embodiments of CS 10110, other forms of AONs may be 
used, or AONs may be discarded entirely and UIDs used for addressing vwthin as well as between CS 
10110s. 

60 CS 101 1 0's addressing mechanisms are also based upon the use of descriptors within ami between CS 
10110s. 

Each descriptor includes an AON or UID field to identify a particular object, an offset field to specify a 
bit granular offset whhin the object, and a length field to specify a particular number of bits beginning at the 
specified offset. Descriptors may also include a type, or format field identifying the particular formal of the 
fiS data referred to by the descriptor. Physical descriptors are used for addressing MEM 10112 and, in this 
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case, the AON or UID field is replaced by a frame number field referring to a physical location in MEM 
10112. 

As stated above, descriptors are used for addressing vwthin and between the separate, independent 
processors (FU 10120, EU 10122, MEM 10112,. and lOS 10116) comprising CS 10110, thereby providing 
^ common, system wide bit granular addressing which Includes format information. In particular, MEM 
10112 responds to the type information fields of descriptors by performing formatting operations to 
provide requestors with data In the format specified by the requestor in the descriptor. MEM 10112 also 
accepts data In a format specified in a descriptor and reformats that data into a format most efficiently used 
by MEM 10112 to store the data. 

Aspreviouslydescribed.alloperendsarereferredtoinCS lOllOby Nameswhereinall Nameswithina 
particular S^nguage dialect are of a uniform, fbced size and format A K value specifying Name size is 
provided to FU 10120, at each change in S-Language dialect, and is used by FU 10120 in parsing Names 
from the instruction stream. In an alternate embodiment of CS 10110, alt Names are the same size in all S- 
Language dialects, so that K values, and the associated drcuitry in FU 10120's parser, are not required. 

Rnally, in descriptions of CS 10110's use of SOPs, FU 10120's microinstruction circuitry was described 
as storing one or more S-lnterpreters. S-lnterpreters are sets of sequences of microinstructions for 
interpreting the SOPs of various S-Language dialects and providing corresponding sequences of 
microinstructions to control CS 10110. in an alternate embodiment of CS 10110. these S-lnterpreters (SITT 
11012) would be stored in MEM 10112. FU 10120 would receive SOi^ from the instruction stream and. 
^ using one or more S-lnterpreter Base Pointers (that is, architectural base pointers pointing to the SiTT 
11012 in MEM 10112), address the SiTT 11012 stored in MEM 10112. MEM 10112 would respond by 
providing, from the SITT 11012 in MEM 10112, sequences of microinstructions to be used directly in 
controliing CS 10110. Alternately, the SHT 11012 in MEM 10112 could provide conventional instructions 
usable by a conventional CPU, for example, Fortran or machine language instructions. This, for example, 
^ would allow FU 10120 to be replaced by a conventional CPU, such as a Data General Corporation Eclipse®. 

Ha^^ng briefly summarized certain features of CS 1011 0, and alternate embodiments of certain of these 
features, the structure and operation of CS 10110 will be de^nl^ed in detail below. 

2. DETAILED DESCRIPTION OF CS 10110 MAJOR SUBSYSTEMS 

^ (Rgs, 201—206, 207—274) 

Having previously described the overall structure and operation of CS 10110, the structure and 
operation of CS 10110's major subsystems wfii next be individually described in further detail As 
previous discussed, CS 101 10*8 major subsystems are, in the order in which they will be described, MEM 
10112, FU 10120, EU 10122, lOS 10116, and DP 10118. Individual block diagrams of MEM 101 12, FU 10120, 

^ EU 10122, lOS 10116, and DP 10118 are shown in, respectively, figures 201 through 205. Figures 201 
through 205 may be assembled as^ shown in Rg. 206 to construct a more detailed block diagram of CS 
10110 corresponding to that shown in Fig, 101. For the purposes of the following descriptions, it is assumed 
that Rgs. 201 through 205 have bewi assembled as shown m Rg. 206 to construct such a block diagram. 
Further diagrams will be presented in following descriptions as required to convey structure and operation 

<o of CS 101 10 to one of ordinary skill in the art 

As previously described, MEM 10112 is an intelligent, priortiang memory having separate and 
independent ports MIO 10128 and MJP 10140 to, respectively, lOS 10116 and JP 10114. MEM 10112 is 
shared by and Is accessible to both JP 10114 and lOS 10116 and is the primary memory of CS 10110. In 
addition, MEM 101 12 is the primary path for information transferred between the external world (through 

<5 lOS 10116) and JP 10114. 

As will be described further t)etow, MEM 10112 is a two-level memory providing fast access to data 
stored therein. MEM 10112ffrst level is comprised of a large set of random access arrays and MEM 10112 
second level is comprised of a high speed cache whose operation is generally transparent to memory 
users, that is JP 101 14 and lOS 10116. Information stored in MEM 10112, in either level, appears to be bit 

so addressable to both JP 10114 and lOS 10116. in addition, MEM 10112 presents simple interfaces to both JP 
10114 and ICS 101 16. Due to a high degree of pipe lining (concurrent and overiapping memory operations} 
MEM 10112 interfaces to both JP 10114 and lOS 101 16 appear as if each HP 101 14 and lOS 10116 havefiiil 
access to MEM 10112, This feature allows data transfer rates of up to, for example, 63.6 megabytes per 
second from MEM 10112 and 50 megabytes per second to MEM 10112* 

55 In the following descriptions, certain terminology used on those descriptions vwll be introduced first 
followed by description of MEM 10112 physical organization. Then MEM 10112 port structures will be 
descriljed, followed by descriptions of MEM 10112's control organization and control flow. Next, MEM 
10112's interfaces to JP 10114 and lOS 10116 will be described. Following these overall descriptions the 
major logical structures of MEM 10112 will be individually described, starting at MEM 10112's interfaces to 

eo JP 101 14 and lOS 10116 and proceeding inwardly to MEM long's first (or bulk) level of data stored, Rnally, 
certain features of MEM 10112 microcode control structure will be described. 

A. MEM 10112 (Rgs. 201, 206, 207—237) 
a. Terminology 

65 Certain terms are used throughout the following descriptions and are defined here below for reference 
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by the reader. 

A word Is 32 bits of data 
A byte is 8 bits of data 
A blodc is 128 bits of data (that is, 4 words). 
^ * A block is always aligned on a block boundary, that is the low order 7 bits of logical or physical address 
are zero (see Chapter 1, Sections A.f and D, Descriptions of CS 10110 Addressing). 

The term aligned refers to the starting bit address of a data item relative to certain address boundaries. 
A starting bit address is block aligned when the low order 7 bits of starting bit address are equal to zero, 
that is the starting bit address falts an a boundary between adjacent blocks. A word align starting bit 
address means that the low order 5 bits of starting bit address are zero, the starting bit address points to a 
boundary between adjacent words. A byte aligned starting bit address means that the tow order 3 bits of 
starting bit address are zero, the starting bit address points to a boundary between adjacent bytes. 

Bit granular data has a starting bit address falling within a byte, but not on a byte boundary, or the 
address rs aligned on a byte boundary but the length of the data is brt granular, that is not a multiple of 8 
'5 bits. 

b. MEM 10112 Physical Structure (Rg. 201 > 

Referring to Rg. 201, a partial block diagram of MEM 101112 is shown. Major functional units, of MEM 
10112 are Main Store Bank (MSB) 20110, including Memory Arrays (MA's) 20112, Bank Controller (BC) 

20 20114, Memory Cache (MC) 20116, including Bypass Write Rle (BYF) 201 18, Reld Isolation Unit (RU) 20120, 
and Memory Interface Coritrolter (MIC) 20122. 

MSB 201 10 comprises MEM 101 12's first or bulk level of storage. MSB 201 10 may include from one to, 
for example, 16 MA 20112's. Each MA 20112 may have a storage capacity, for example, 256 K-byte, 512 K- 
byte, 1 M-byte, or 2 M-bytes of storage capacity. As will be described further below, MA 201 1 2*5 of different 

25 capacities may be used together in MSB 20110. Each MA 20112 has a data input connected in parallel to 
Write Data (WD) Bus 20124 and a data output connected in parallel to Read Data (RD) Bus 2012a MA's 
20112 also have control and address ports connected in parallel to address and control (ADCTL) Bus 20128. 
In particular, Data Inputs 20124 of Memory Arxays 201 12 are connected in parallel to Write Data (WD) Bus 
20126, and Data Outputs 20128 of Memory Arrays 20112 are connected In parallel to Read Data (RD) Bus 

30 20130. Control Address Ports 20132 of Memory Arrays 20112 are connected in parade! to Address and 
Control (ADCTL) Bus 20134. 

Data Output 20136 of Bank Controller 201 14 is connected to WD Bus 20126 and Data Input 20138 of BC 
20114 is connected to RD Bus 201^. Control and Address Port 20140 of BC 20114 is connected to ADCTL 
Bus 20134. BC 201 14's Data Input 20142 is connected to MC 201 16's Data Ou^ut 20144 through Store Back 

35 Data (S8D) Bus 20146. BC 20114's Store Back Address Input 20148 is connected to MC 201 16 Store Back 
Address Output 20150 through Store Back Address (SBA) Bus ^152. BC 201 14's Read Data Output 20154 is 
connected to MC 20116*8 Read Data Input 20156 through Read Data Out (RDO) Bus 20158. BC 20114's 
Control Port 20160 is connected to Memory Control (MCNTL) Bus 20164. 

MC 20116 has Output 20166 connected to MID Bus 10131 through MIO Port 10128, and Port 20168 

40 connected to MOD Bus 10144 through MJP Port 10140. Control Port 20170 of MC 20116 is connected to 
MCNTL Bus 20164. Input 20172 of BYF 20118 is connected to lOM Bus 10130 through MIO Port 10128, and 
Output 20176 Is connected to SBD Bus 20146 through Bypass Write In (BWI) Bus 2017a 

Rnally, RU 20120 has an Output 20180 and an Input 20182 connected to, respectively, MIO Bus 10129 
and lOM Bus 10130 through MIO Port 1012a Input 20184 and Port 20186 are connected to, respectively, 

46 JPD Bus 10142 and MOD Bus 10144 through MJP Port 1014a Control Port 20188 is connected to MCNTL 
Bus 20164. Referring finally to MIC 20122, MIC 20122 has Control Port 20190 and Input 20192 connected to, 
respectively, lOMC Bus 10131 and lOM Bus 10130 through MIO Port 10128. Control Port 20194 and Input 
20196 are connected, respectively, to JPMC Bus 10147 and Physical Descriptor (PD) Bus 10146 through MJP 
Port 10140. Control Port 20198 is connected to MCNTL Bus 20164. 

so 

c. MEM 10112 General Operation 

Referring first to MEM 10112's interface to lOS 10116, this interface includes MIO Bus 10129, lOM Bus 
10130, and lOMC Bus 10131. Read and Write Addresses and data to be written into MEM 10112 are 
transfen-ed from lOS 10116 to MEM 10112 through lOM Bus 10130. Data read from MEM 10112 is 

ss transfierred to lOS 10116through MIO Bus 10129. lOMC 10131 is a Bi-directional Control bus between MEM 
10112 and lOS 10116 and, as described further below, transfers control signals between MEM 10112 and 
lOS 10116 to control transfer of data between MEM 10112 end lOS 10116. 

MEM 10112's interface to JP 10114 is MJP Port 10140 and includes JPD Bus 10142, MOD Bus 10144, PD 
Bus 10146, and JPMC Bus 10147. Physical descriptors, that is MEM 10112 ph>^ical read and write 

60 addresses, are transferred from JP 1 01 14 to MEM 1 01 1 2 through PD Bus 1 0146. S Ops, that is sequences of 
S Instructions and operand names, are transferred from MEM 10112 to JP 10114 through MOD Bus.10144 
while data to be written into MEM 101 1 2 from JP 101 14 is transfen-ed from JP 1 0114 to MEM 10112 through 
JPD Bus 10142, JPMC Bus 10147 Is a By-directional Control bus for transferring command and control 
signals between MEM 10112 and JP 10114 for controlling transfer of data between MEM 10112 and JP 

^ 10114 As will be described further below, MJP Port 10140, and in partiailar MOD Bus 10144 and PD Bus 
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10146, is generally physically organized as a single port that operates as a dual port In a first case, MJP Port 
10140 operates as a Job Processor Instruction (Jl) Port for transferring S Ops f roin MEM 101 1 2 to JP 1 01 14. 
in a second case, MOD 10144 and PD 10146 operate as a Job Processor Operand (JO) Port for transfer of 
operands, from MEM 101 12 to JP 101 14, while JPD Bus 10142 and PD Bus transfer operands from JP 10114 
to MEM 10112. 

Referring to MSB 201 1 0, MSB 201 10 contains MEM 101 12's first, or bulk, level of storage capacity. MSB 
20110 may contain from one to, for example, 16 MA's 201 1Z Each MA 201 12 contains a dynamic, random 
access memory array and may have a storage capacity of, for example 256 Kilo-bytes, 512 Kilo-bytes, 1 
Mega-bytes, or 2 Mega-bytes. MEM 101 12 nnay therefore have a physical capacity of up to, for example, 16 
Mega-bytes of bulk storage. As wtii be described further below. MA 201 12's of different capacity may be 
used together in MSB 201 10, for example, four 2 Mega-byte MA 20112's and four 1 Megabyte MA 201 12's. 

BC 201 14 controls operation of MA's 201 12 and is the path for Uansfer of data to and from MA's 201 12. 
In addition, BC 20114 performs error detection and correction on data transferred into and out of MA's 
20112, refreshes data stored in MA's 20112, and, during a refresh operations, performs error detection and 
correction of data stored in MA's 20112. 

MC 20116 comprises MEM 101 12's second, or cache, level of storage capacity and contains, for 
example 8 Kilo-bytes of high speed memory. MC 20116, including BYF 20118, is also the path for data 
transfer between MSB 201 10 (through BC20114) and JP 101 14 and lOS 10116. In general, all read and write 
operations between JP 101 Wand ICS 10116 are through MC20116. JOS 101 16 may, however, perform read 
and write operations of complete blocks by-passing MC 201 16. Block write operations from iOS 101 16 are 
accomplished through BYF 20118 while block read operations are performed through a data transfer path 
internal to MC 20116 and shown and described beiow. AH read and write operations between MEM 10112 
and JP 101 14, however, must be performed through the cache internal to MC 20116, as will be shown and 
described further below. 

As also shown and described below, RU 20120 includes write data registers for receiving data to be 
writt^ into MEM 10112 from JP 10114 and IOS 10116, and circuitry for manlpuiating data read from MSB 
20110 so that MEM 10112 appears as a bit addressable nr>en>ory. RU 20120, in addition to providing bit 
addre^bility of MEM 10112, performs right and left alignm^t of data, zero fill of data, sign extension 
operations, and other data manipulation operations described further below. In performing these data 
manipulation operations on data read from MEM 10112 to JP 10114, MOD Bus 10144 is used as a data path 
Imemal to MEM 10112 for transferring of data from MC 20116 to RU 20120, and from RU 20120 to MC 
201ia That is, data to be transferred to JP 10114 Is read from MC 20116, transferred through MOD Bus 
IC144to RU 20120, manipulated by RU 20120, and transferred from RU 20120 to JP 10114 through MOD 
Bus 10144. 

MIC 20122 contains circuitry controlling operation of MEM 10112 and, in particular, controls MEM 
1 01 12's interface with JP 101 1 4 and IOS 1 0116. MIC 201 22 r«»ives MEM 101 1 2 read and write request that 
is read and write addresses through PD Bus 10146 and lOM Bus 10130 and control signals through JPMC 
Bus 10147 and lOMC Bus 10131, and provides conUol signals to BC 20114, MC 20116, and RU 20120 
through MCNTL Bus 20164. 

Having described the overall structure and operation of MEM 10112, the structure and operation of 
MEM 10112*5 Port, MIO Port 10128, and MJP Port 10140, will be described next, followed by descriptions of 
MEM 10112*5 control structure and the control and flow of MEM 10112 read and write requests. 

d, MEM 10112 Port Structure 

45 MEM 10112 port structure is designed to provide a simple interface to JP 10114 and IOS 10116. While 
providing fast and flexible operation in servicing MEM 10112 read and write requests from JP 10114 and 
IOS 101 1 B. In this regard, MEM 101 1 2, as will be described further below, may handle up to 4 read and vmte 
requests concurrently and up to, for example, a 63.6 M-byte per second data rate. In addition MEM 101 12 Is 
capable of performing bit granular addressing, blodc read and write operations, and data manipulations, 

sa such as alignment and filling, to enable JP 10114 and IOS 10116 to operate most efficiently. 

MEM 10112 effectively services requests from three ports. These ports are MIO Port 10128 to IOS 
101 1 6, hereafter referred to as 10 Port, and Jl and JO Ports, described above, to JP 1 01 14. These tiiree ports 
share the entire address base of MEM 10112, but IOS 101 16, for example, may be limited from making full 
use of MEM 10112*5 address space. Each port has a different set of allowed operations. For example. JO 

55 Port can use a bit granular addresses but can reference only 32 bits of data on each request Jl Port can 
make read requests only to word align 32 bit data items, 10 Port may reference bit granular data, and, as 
described further below, may read or write up to 16 bytes on each read or write request. The characteristics 
of each of these ports vnW be discussed next below. 

60 1. 10 Port Characteristics 

IOS 101 1 6 may access MEM 101 1 2 in either of two modes. The first mode is block transfera by-passing 
or through the cache in MC 20116, and the second is non-block transfer through the cache and MC 20116, 
Block by-passes may occur for both read and write operations. A read or vwite operation is eligible for a 
block by-pass rf the data is on block boundaries, is 16 bytes long, and the read or write request is not 
es accompanied by a control signal indicating that an encache (load Into MC 201 16's cache) operation is to be 
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performed. A by-pass operation takes place only if the block address, that is the physical address of the 
block in MEM 10112 does not address a currently encached block, that is the block is not present in MC 
20116's cache. If the block is encached in MC 20116*5 cache, the read or wnte transfer is to MC 20116's 
cache. 

s Partial block references, that is non-full block transfers will go through MC 20116's cache. If a cache 
miss occurs, that is the reference data is not present in MC 201 16's cache, MEM 101 12's control structures 
transfer the data to or from MSB 201 1 0 and update MC 201 1 6's cache. It should be noted that partial blocks 
may be as short as one byte, or up to 15 bytes long. A starting byte address may be anywhere within a 
block, but the partial block's length may not cross a block boundary. 

^0 Bit length transfers, that is transfers of data items having a length of 1 to 1 6 bits and not a multiple of a 
byte, or where address is not on a byte boundary, go through MC 20116's cache. These operations may 
cross byte, word, or block boundari^ but may not cross page boundaries. These specrftc operations 
requested by 10 port determines whether a read or write request is a partial block or bit length transfer. 

15 2. JO Port Characteristics 

All read or write requests from JO Port must go through MC 201 16's cache; by-pass operations may 
not be performed. The data transferred between MEM 101 12 and JP 101 14 is always 32 bits in length but, of 
the 32 bits passed, from zero to 32 bits may be valid data. JP 101 14 determines the location of valid data 
wrthin the 32 bits by referring to certain RU specification bits provided as part of the read or write request. 
20 As will be described further below, FlU spedfication bits, and other control bits, are provided to MIC 20122 
by JP 10114 through JPMC Bus 10147 w^en each read or write request is made. 

While MEM 10112 does not perform block by-pass operations to JP 10114, MEM 10112 may perfomi a 
cache read-through operation. Such operations occur on a JP 10114 read request wherein the requested 
data is not present in MC 20116's cache. If the JP 10114 read request is for a full word, which is word 
' 2S aligned, MEM 10112*5 Load Manager, discussed below, transfers the requested data directly to JP 10114 
while concurrently loading tiie requested data into MC 20116's cache. This operation is referred to as a 
"hand-off' operation. These operations may also be performed by lO Port for 16 bit haK words aligned on 
the right hand half word of a 32 bit word, or if a full block is handed left and loaded Into MC 20116's cache. 

30 3. Jl Port Characteristics 

All Jl Port requests are satisfied through MC 20116's cache; MEM 10112 does not perform by-pass 
operations to Jl Port Jl Port requests are ahArays read requests for full-word aligned words and are handed 
off, as described above, rf a cache miss occurs. In most other respects, Jl Port requests are similar to JO 
Port requests. 

33 Having described the overall structure and operation of MEM 101 12, including MEM 1 01 12's input and 
output ports to JP 10114 and lOS 10116, MEM 10112's control ^rurture will be described next below. 

e. MEM 10112 Control Structure and Operation (Rg, 207) 

Referring to Rg. 207, a more detailed block diagram of MIC 20116 is shown. Rg. 207 will be referred to 
40 in conjunction with Rg. 201 in the follovwng discussion of MEM 10112's control structure. 

1. MEM 10112 Control Structure 

Referring first to Fig. 207, MCNTL Bus 20164 is represented as including MCNTL-BC Bus 20164A, 
MCiym-MC Bus 201648, and MCNTL-FIU Bus 201 64C. Buses 20164A, 20164B, and 201 64C are branches of 
45 MCNTL Bus 20164 connected to, respectively, BC 20114, MC 20116, and FlU 20120. Also represented in Rg. 
207 are PD Bus 10146 and JPMC Bus 10147 to JP 10114, and lOM Bus 10130 and lOMC Bus 10131 to lOS 
10116. 

JO Port Address Register (JOPAR) 20710 and Jl Port Address Register (JIPAR) 20712 have inputs 

connected from PD Bus 10146. 10 Port Address Register (lOPAR) 20714 has an input connected from lOM 
so Bus 10130. Port Control Ljogic (PC) 20716 has d bi-direcdonai input/outputs connected from JPC 10147 and 

lOMC Bus 10131. By-pass Read/Write Control Logic (BR/WC) 20718 has a bidirectional input/output 

connected from lOMC Bus 10131. 

Outputs of JOPAR 20710, JIPAR 20712, and lOPAR 20714 are connected to inputs of Port Request 

Multiplexer (PRMUX) 20720 through, respectively. Buses 20732, 20734. 20736. PRMUX 2O720's output in 
ss turn is connected to Bus 20738. Branches of Bus 207^ are connected to inputs of Load Pointers (LP) 20724, 

Miss Control (MISSC) 20726, and Request Manager (RM) 20722, and to Buses MCNTL-MC 201 64B and 

MCNTL-RU 201 64C. 

Outputs of PC 20716 are connected to inputs of JOPAR 20710, JIPAR 20712, lOPAR 20714, PRMUX 
20720, and LP 20724 through Bus 20738. Bus 20740 Is connected between an input/output of PC 20716 and 
so in input/output of RM 20722. 

An output of BRAA^C*20718 is cortnected to MCNTL-MC Bus 201 64B through Bus 20742. Inputs of BfU 
WC 20718 are connected from outputs of RM 20722 and Read Queue (RQ) 20728 through, respecthrely. 
Buses 20744 and 20746. 

RM 20722 has outputs connected to MCNTL-BC Bus 20164A, MCNTL-RU Bus 20164C, and input of 
65 MISSC 20726, and an input of LP 20724 through, respectively. Buses 20748, 20750, 20752, and 20754. 
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MISSC 20726's output is connected to MCNTL-BC Bus 20164A. Outputs of IP 20724 are connected to 
MCNTL-MC Bus 201 64B and to an input of LM 20730 through, respectively, Buses 20756 and 2075a RQ 
20728's input is connected from MCNTL-MC Bus 20164B through Bus 20760 and RQ 20728 has outputs 
connected to an Input of LP 20724, through Bus 20762, and as previousJy described to an input of BR/WC 
20764 ^^^^^^^ Finally, LM 2O730's output is connected to MCNTL-MC Bus 20164B through Bus 

Having described the structure of MIC 207.16 with reference to Fig, 207, and having previously 
described the structure of MEM 10112 with reference to Rg. 201, MEM 10n2's control structure operation 
will next be described with reference to both figures 201 and 207. 

2. MEM 10112 Control Opera^on 

Refeiring first to Rg. 207, JOPAR 20710, JIPAR 20712, and iOPAR 20714 are/ as previously described, 
connected from PD Bus 10146 from JP 10114 and lOM Bus 10130 from lOS 10116. JPAR 20710, JIPAR 
20712, and IOPAR 20714 receive read and write request addresses from JP 10114 and lOS 10116 and store 
these addresses for subsequent service by MEM 10112. As will be described further below, these address 
mputsfrom JPIOIUand lOS 10116include RU information specifying what data manipulation operations 
must be performed by RU 20120 before requested data is transferred to the requestor or written into MEM 
10112, information regarding the destination data read from MEM 10112 is to be provided to, information 
regarding tiie type of operation to be performed by MEM 101 1^ and information regarding operand length. 
Request address infomwtion received and stored in JOPAR 20710, JIPAR 20712, and IOPAR 20714 is 
retained therein until MEM 10112 has initiated service of the corresponding requests. MEM 10112 will 
accept further request address infonmation into a given port register only after a previous request into that 
port has been serviced or aborted. Address information outputs from JOPAR 20710, JIPAR 20712 and 
IOPAR 20714 IS transferred through PRMUX 20720 to Bus 20738 and from there to RM 20722, MC 20116 
amJ FlU 20120 as ser>^ce of individual requests is initiated. As will be described below, this address 
information will be transferred through PRMUX 20720 and Bus 20738 to LP 20724 for use in servicina a 
cache miss upon occurrence of a MC 201 16 miss, 

PC 20716 receives command and control signals pertinent to each requested memory operation from 
JP 10114 and IDS 10116 through JPMC Bus 10147 and lOSC Bus 10131. PC 20716 indudes request 
arbitration logic and port state logic. Request arbitration logic determines the sequence in which 10 Jl JO 
ports are serviced, and when each port is to be serviced. In determining the sequence of port service, 
r^uest arbitration logic uses present port state infomiation for each port from the port state logic 
r^™^^!?^J^ JPMC Bus 10147 and lOMC Bus 10131 regarding each incoming request, and Information 
from RM 20722 concerning the present state of operation of MEM 10112. Port state logic selects each 
particular pwt to be ser^'ced and, by control signals through Bus 20738, enables transfer of each port's 
request address tnfomnation from JOPAR 20710, JIPAR 20712, and IOPAR 20714 through PRMUX 20720 to 
Bus 20738 for use by the remainder of MEM 101 12's control logic in servidng the selected port. In addition 
to reque^ infonnation received from JP 10114 and lOS 10116 through JPMC Bus 10147 and lOMC Bus 
^lln ^^^^^ Utilizes information from RM 20722 and, upon occurrence of a cache miss, from LM 

20730 (for clanty of presentation, this connection is not represented In Rg, 207). Port state logic also 
controls various port state flag signals, for example port availability signals, signals indicating valid 
requrats, and signals indicating that various ports are waiting service. 

RM 20722 controls exewtion of service for each request RM 20722 is a microcode controlled 
^'micromachine" executing programs called for by requested MEM 10112 operations. Inputs of RM 20722 
45 include request address information from IOPAR 20714, JIPAR 20212, and JOPAR 20210, including 
information regarding the type of MEM 101 12 operation to be performed in servicing a particular request, 
mterrupt signals from other MEM 10112 control elements, and, for example, start signals from PC 20716*s 

20722 provides control signals to FlU 201 20, MC 201 16, and most other parts 
of MEM 10112*3 control structure. 
so Refen-ing to Rg. 201, MC 20116's cache is, for example, an 8 Kilo-byte, four set associative cache used 

1-,?!!^'*^® ^^^^ *° ^ °^ ^^^^ 2^^''^' f^SB 20110 data stored in 

MC 201 15's cache at any time is the data most recentiy used by JP 10114 or lOS 101 16. MC 20116*5 cache, 
described further below, includes tag store comparison logic for determining encached addresses, a data 
store containing corresponding encached data, and registers and logic neces^ry to up-date cache contents 

55 upon occurrence of a cache miss. Registers and logic for servidng cache misses Includes logic for 
determining the least recently used <^che entry and registers for capture and storage of information 
regarding missed cache references, for example modify bits and replacement page numbers. Inputs to MC 
20116 are provided from RM 20722, LM 20730 (discussed further below), FlU 20120, MSB 20110 (through 
BC 20114), LP 20724 (described further below) and address information from PRMUX 20720. Outputs of MC 

60 20116 include data and go to RU 20120 (through MOD Bus 10144), the data requestors (JP 101 14 and lOS 
101161, and a MC 20116 Write Back Pile (described further below). 

As previoush^ described, RU 20120 includes logic necessary to make MEM 10112 appear bit 
addressable. In addition, RU 20120 includes logic for performing certain data manipulation operations as 
required by tiie requestors (JP 10114 or !0S 10116). Data is transferred into RU 20120 from MC 20116 

65 through that portion of MOD Bus 10144 internal to MEM 10112, is manipulated as required, and is tiien 
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transferred to the requestorthrough MOD Bus 10144 or MIO Bus 10129. In thecase of writes requiring read- 
modify-write of encached data, the data is transferred back to MC 20116 through MOD Bus 10144 after 
manipulation. In general, data nnanipulation operations include locating requested data onto selected MOD 
Bus 10144 or MIO Bus 10139 lines and filling unused bus lines as spedfied by the requestor. Data inputs to 

5 HU 20120 may be provided from MC20116or JP 101 14 through MOD Bus 10144 or from !0S 10116 through 
lOM Bus 10130. Data outputs from FlU 20120 may be provided to MC 20116, JP 10114. or ICS 10116 
through th^e same buses. Control information is provided to FlU 20120 from RM 20722 through Bus 20748 
and MCNTL-RU Bus 20164C. Address information may be provided to FIU 20120 from JOPAR 20710, JIPAR 
20712, or lOPAR 20714 through PRMUX 20720, Bus 20738, and MCNTL-FIU Bus 20164C. 

10 Returning to Rg. 207, MISSC 20726 is used in handling MC 20116 misses. In the event of a request 
referring to data not in MC 201 16's cache, MISSC 20726 stores block address of the reference and type of 
operation to be performed, this information being provided from an address register in MC 201 1 6 and from 
RM 20722. MISSC 20726 utilhtes this information in generating a command to BC 20114, through MCNTL- 
BC Bus'20164A, for a data read from MSB 20110 to obtain the referenced data. BC 20114 places this 

ts command in a queue, or register, and subsequently executes the commanded read operation. MISSC 
20726 also generates an entry Into RQ 20728 (described further below) indicating the type of operation to 
be performed when referenced data is subsequentiy read from MSB 20110. 

RG 20728 is, for example, a three-level deep queue storing information indicating operations 
associated with data being read from MSB 20110, Two lands of operation may be indicated: block by-pass 

20 reads and cache loads. If a cache load is specified, that is a read and store to MC 201 1 6's cache, is indicated, 
RM 20722 is interrupted and forced to place other MEM 10112 operations in idle until cache load is 
completed. A block by-pass read operation results in byiJass read control (described below) assuming 
control of the data from MSB 201 1 0. Inputs to RQ 20728 are control »gnals from RM 20752, MISSC 20726, 
and BC 20114. RQ 20728 provides control outjKJts to LP 20724 (described below) LM 20730 (described 

25 below) RM 20722, and bypass read control (described below). 

LP 20724 is a set of registers for storing information necessary for servicing MC 20116 misses that 
result in orderto load MC 20116's tag store. LM 20730 this information when data stored in MSB 201 1 0 
and read from MSB 20110 to service a MC 20116 cache miss, becomes available tiirough BC 20114. Inputs 
to LP 20724 indude the address of the missing reference, provided from JOPAR 20710, JIPAR 207\2» or 

30 (OPAR 20714 through PRMUX 20720 and Bus 20738, commands from RM 20722, and a control signal from 
RQ 20728. LP 20724 outputs include addresses of missed references to MC 201 16, through. Bus 20756 and 
MNCTL-MC a)1648, and command agnals to LM 20730 and BR/WC 20718. 

LM 20730, refen-ed to above, contrtjls loading of MC 20116's cache with data from MSB 2)110 after 
occurrence of a cache miss. RQ 20728, referrad to above, indicates, for each data read from MSB 20110, 

35 whetiier the data read is the result of a MC 201 16 cache miss. If tiie data is read from MSB 201 10 as a result 
of a cache miss, LM 20730 proceeds to issue a sequence of control signals for loading the data from MSB 
201 10 and its assodated address into MC 201 16's cache. This data is transferred into MC 201 16's cadie data 
store while the block address, from LP 20724 is transferred into the tag store (described In the following 
discussion) of MC 20116's cache. If tiie transfer of data into MC 20116's cache replaces data previously 

40 resident in that cache, and that previous data is "dirty", that Is has been written into so as to be different 
from an original copy of tiie data stored on MSB 20110, the modified data resident in MC 20116's cache 
must be written back into MSB 201 10. This operation is performed through a Write Back File contained in 
MC 201 16 and described below. In the event of such an operation, LM 20730 initiates a write back operation 
by MC 20116 and BC 20114, also as described below. 

45 As will be described further in a following description, all MC 20116 cache load operations are full 4 
word blocks. A request resulting in a MC 20116 cache miss may result in a "hand-off', that is a read 
operation of a full 4 word block. Handoff operations also may be of single 32 bit words v^rherein a 32 bit 
wonJ aligned word is transferred from JP 10114 or a 16 bit operand aligned on the right half-word is 
transfened from IDS 10116. In such a handoff operation, LM 20730 will send a valid request signal to the 

so requesting port and a handoff operation will be performed Otherwise, a waiting signal will be sent to the 
requesting port and the request will re-enter the priority queue of PC 20716 for subsequent execution. To 
accomplish these operations, LM 207OT receives input from RQ 20728, (not shown in Rg. 207 for darity of 
presentation) and LP 20724. LM 20730 provides outputs to port state logic of PC 20716, to MC 20116, MC 
20116's Write Back RIe and MC 20116's Write Back Address Register and to BC 20114. 

ss Refening to Rg. 201, as previously discussed ICS 20116 may request a full block write operation 
directly to MSB 20110. Such a by-pass write request may be honored if the block being transferred is not 
encached in MC 201 16's cache. In such a case, RM 20722 will initiate tfie transfer setting up By-pass Write 
Control logic in BR/WC 20718, and may then pass control of the operation over to BR/WC 20718's By-Pass 
Write Control logic for completion. By-pass Write ConUol may then accept the remaining portion of the 

60 data block from ICS 10116, generating appropriate hand shaking signals through lOMC Bus 10131, and 
load tfie data block into BYF 20118 and MC 20115. MISSC 20726 will provide a by-pass write command to 
BC 201 14, through MNCTL-PC Bus 20164A. BC 201 14 will then transfer the data block from BYF 201 18 and 
into MA'S 20112 and MSB 20110. 

As previously described, BYF 20118 receives data from lOM Bus 10130 and provides data output to BC 
65 201 14 ttirough BWY Bus 20178 and SBD Bus 20146. BYF 201 18 is capable of simultaneously accepting data 
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from lOM Bus 10130 while reading data out to BC 20114. Control of writing data into BYF 20118 is provided 
from BR/WC 20718*5 By-Pass Write Control logic, 

lOS 10116 may, as previously described, request a full block read operation by-passing MC 201 la's 
cache. In such a case, BR/WC 207 Id's by-pass read control handles data transfer to lOS 10116 and 
^ generates required hand shaking signals to lOS 1 01 16 through lOMC Bus 10131. The data path for by-pass 
read operations is through a data path internal to MC 20116, rather than through BYF 20118. This internal 
data path is RDO Bus 201 58 to MIO Bus 10129. 

As previously described, BC 20114 manages all data transfers to and from MA's 20112 in MSB 20110. 
BC 20114 recehres requests for data transfers from RM 20722 in an Internal queue register. All data 
transfers to and from MSB 20110 are full block transfers with block aligned addresses. On data write 
operations, BC 201 1 4 receives data from BWF 201 1 8 or from MC 201 1 6's Write Back File and transfers the 
data into MA's 201 12. During read operations, BC 201 14 fetches the data block from MA's 20112 and places 
the data blodc on RDO Bus 201^ while signalling to MIC 20122 that the data is available. As described 
above, MIC 201 22 tracks and controls transfer of data and BYF 201 1 8, MC 201 1 6, and MC 201 1 6*s Write Back 
RIe, and directs data read from MSB 20110 to the appropriate destination, MC 20n6's Data Store, JP 
10114, or lOS 10116, 

In addition to the above operations, BC 20114 controls refresh of MA's 20112 and performs error 
detection and correction operations. In this regard, BC 20114 performs two error detection and correction 
operations. In the ^rst, BC 20114 detects single and double bit en-ors In data read from MSB 20110 and 

^ corrects single bit errors, in the second^ BC 20114 reads data stored in MA's 20112 during refresh 
operations and perfomis single bit error detection. Whenever an error is detected, during either read 
operations or refresh operations, BC 20114 makes a record of that error in an error log contained in BC 
20114 {described further in a following description). Both JP 10114 and lOS 10116 may read BC 20114's 
error log, and information from BC 201 14's error log may be recorded in a CS 101 10 maimenance log and to 

^ assist in rep^r and trouble shooting of CS 10110. BC 201 14's error log may be addressed directly by RM 
20722 and data from BC 201 14's error log is transferred to JP 10114 or 10S 10116 in the same manner as 
data stored In MSB 20110. 

- Referring finally to MA's 20112, each MA 201 12 contains an array of dynamic semiconductor random 
acc^s nr^mories. Each MA 20112 may contain 256 Kilo-bytes, 512 Kilo-bytes, 1 Mega-bytes, or 2 Mega- 

^ bytes of data storage. The storage capadty of each MA 201 12 is organized as segments of 256 Kilo-bytes 
each- In addressing a particular MA 20112, BC 20114 selects that particular MA 20112 as wilt be described 
fur^er below. BC 20114 concurrently selects a segment within that MA 20112, and a t>lock of four words 
within that segment Each word may comprise 39 bits of information, 32 bits of data and 7 bits of error 
correcting code. The fiiii 39 bits of each MA 201 12 word are transferred between BC 201 14 and MA's 201 12 

^ during each read and write operation. Having briefly described the general strucUtre and operation of MEM 
10112, certain typ^ of operations which may be performed by MEM 10112 will be described next below. 

t MEM 10112 Operations 

MEM 10112 may perform two general types of operation. The first type are data transfer operations 

^ and the second type are memory maintenance operations. Data transfer operations may include read, 
write, and read and set Memory maintenance operations may include read error log, repair block, and 
flush cache. Except during a flush cache operation, the existence of MC 201 16 and its operation is invisible 
to the requestors, that is JP 101 14 and ICS 101 16. 

A MEM 10112 read operation transfers data from MS 10112 to a requestor, either JP 101 14. or lOS 

^5 10116. A read data transfer is asynchronous in that the requestor cannot predict elapsed time between 
submission of a memory operation request and return of requested data. Operation of a requestor in MEM 
10112 is coordinated by a requested data available signal transmitted from MEM 10112 to the requestor. 

A MEM 10112 write operation transfers data from either JP 10114 or lOS 10116 to MEM 10112. During 
such operations, JP 10114 is not required to wait for a signal from MEM 101 12 that data provided to MEM 

so 101 12 from JP 10114 has been accepted, JP 10114 may transfer data to MEM 10112's JO Port whenever a 
JO Port available signal from MEM 10112 is present; read data is accepted immediately without further 
action or waiting required of JP 10114. Word write operations from lOS 10116 are perfonmed in a similar 
manner. On block write operations, however, lOS 10116 is required to wait for a data taken agnal from 
MEM 10112 before sending the 2nd. 3rd and 4th words of a block. 

55 MEM 10112 has a capability to perform 'Mock bit" operations. In such operations, a bit granular read of 
the data is perfomried and the entire operand is transmitted to the requestor. At the same time, the mo^ 
signrficant bit of the operand, that is the Lxjck Bit is set to one in the copy of data stored in MEM 10112. In 
the operand sent to the requestor, the lode bit remains at its previous value, the value before the current 
read and set operation. Test and set operations are performed by performing read and set operations 

60 wherein the data item length is specified to be one b'rt 

As previously described, MEM 10112 performs certain maintenance operations, including error 
dete(^*on. MEM 10112's Error Log in BC 201 14 is a 32 bh register containing an address field and an error 
code field. On a first error to occur, the error type and in some cases, such as ERCC errors on read data 
stored in MSB 20110, the address of the data containing the error are stored in BC 20n4's Error Log 

65 Register. An interrupt signal indicating detection of an error is raised at the same that information 
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regarding the error is stored in the Error Log. if mu rtipte errors occur before Error Log is read and reset the 
information regarding the first error wni be retained and will remain valid. The Error Log code field will, 
however, indicate that more than one error has occurred. 

JP 10114 may request a read Error Log operation referred to as a "Read Log and Reset" operation. In 

s this operation, MEM 10112 reads the entire contents of Error Log to JP 10114, resets Error Log Register, and 
resets the interrupt signal indicating presence of an error. lOS 1011 6, as discussed further below, is limited 
to reading 16 bits at a time from MEM 10112. It therefore requires two read operations to read Error Log. 
Rrst read operation to lOS 101 16 reads an upper 16 bits of Error Log data and does not reset Error Log. The 
second read operation is performed in the sanr>e manner as a JP 10114 Read Log and Reset operation, 

'0 except that only the low order 16 bits of Error Log are read to lOS 101 16. 

MEM 10112 performs repair block operations to correct parity or ERCC enx>rs in data stored In MC 
201 16's Cache or in data stored in MA's 201 12. In a repair block procedure, parity bits for data stored in MC 
201 16's Cache, or ERCC chedc bits of data stored in MA's 20112, are modified to agree with the data bits of 
data stored therein. In this regard, repaired uncorrectible errors, such as two bit errors of data in MA's 

^5 201 12, will have good ERCC and parity values. Until a repair block operation is performed, any read r^uest 
directed to bad data, that is data having parity or ERCC check bits indicating invalid data, will be flagged as 
invalid. Repair block operations therefore allow such data to be read as valid, for example to be used in a 
data correction operation. Errors are ignored and not logged in BC 20114's Error Log in repair block 
operations. A write operation into an area containing bad data may be accomplished if MEM 10112's 

20 intemal operation does not require a road-modified-write procedure. Only byte aligned writes of integral 
byte length data residing in MC 20116 and word aligned writes of integral word lengths of data in MSP 
201 10 do not require read-modified-vmte operation. By utilizing such write operations. It is therefore 
possibie to overwrite bad data by use of normal write operations before or instead of repair block 
operations. 

26 MEM 1 01 12 performs a cache flush operation in event of a power failure, that Is when MEM 101 12 goes 
into battery back-up operation. In such an event, only MA's 201 12 and BC 201 14 remain powered. Before JP 
10114 and lOS 101 16 lose power, JP 101 14 and iOS 10116 must transferio MEM 10112 any data, including 
operating state, to be saved. This is accomplished by using a series of normal write operations. After 
conclusion of these write operations, both JP 10114 and IOS 10116 transmit a flush cache request to MEM 

30 101 12. Upon recehrtng two flush cache requests, MEM 101 12 flushes MC 201 16's Cache so that alt dirty data 
encached in MC 201 16's Cache Is transferred into MA's 201 12 before power is lost If only JP 101 14 or IOS 
101 16 is operating, DP 101 18 will detect this fact and will have transmitted an enabling signal (FLUSHOK) to 
MEM 10112 during system initialization. FLUSHOK enables MEM 10112 to perform cache flush upon 
receiving a sir>gle flush cache request After a cache flush operation, no further MEM 101 12 operations are 

35 possible until Dp 10118 resets a power failure iock-out signal to enable MEM 10112 to resume normal 
operation. 

Having described MEM 10112's overall structure and operation and certain operations which may be 
performed by MEM 101 12, MEM 101 1 2^5 interfaces to JP 101 14 and IOS 101 16 will be described next below. 

40 g. MEM 10112 Interfaces to JP 10114 and IOS 10116 {Rgs. 209, 210, 211, 204) 

As previously described, MJP Port 10140 and MIO Port 10128 logically function as three independent 
ports. These ports are an lO Port to IOS 101 16, a JP Operand Port to JP 101 14 and a JP Instruction Port to JP 
101 14. Referring to Rgs. 209, 210, and 211, diagramic representations of 10 Port 2(»10, JP Operand <JPO) 
Port 21010, and JP Instruction (JPI) port 21110 are shown respectively. 

45 10 Port 20910 handles all IOS 101 16 requests to MEM 101 1 2, including transfer of both Instructions and 
operands. JPO Port 21010 is used for read and write operations of operands, for example numeric values, 
to and from JP 101 14. JPI Port 21110 is used to read SINs. that is SOPs and operand NAMEs, from MEM 
101 12 to JP 101 14, Memory service requests to a particular port are serviced in the order that the requests 
are provided to the Port. Serial order is not maintained between requests to different ports, but ports may 

so be serviced in the order of their priority. In one embodiment of the present invention, 10 Port 20910 is 
accorded highest priority, followed by JPO port 21010, and lastiy by JPI Port 21 1 10, with requests currently 
contained in a port having priority over incoming requests. As described above and will be descril)ed in 
more detail in following d^riptions, MEM 10112 operations are pipelined. This pipelining allows 
interieaving of requests from 10 Port 20910, JPO Port 21010, and JPI port 21110, as well as overiapping 

55 service of requests at a particular porL By overiapping operations It is meant that one operation servicing a 
particular port begins before a pre\nous operation ser>rtdng that port has been completed. 

1. 10 Port 20910 Operating Characteristics {Rgs. 209, 204) 

Referring first to Rg. 209, a diagramic representation of 10 port 20910 Is shown. Signals are transmitted 

60 between 10 Port 20910 and IOS 10116 through MIO Bus 10129, lOM Bus 10130, and lOMC Bus 10131. MiO 
Bus 10129 is a unidirectional bus having inputs from MC 20116 and RU 20120 and dedicated to transfers of 
data and instrut^ons from MEM 10112 to IOS 10118. lOM Bus 10130 is likewise a unidirectional bus and is 
dedicated to the transfer, from IOS lOllSto MEM 10112, of read addresses, write addresses, and data to be 
written into MEM 10112. lOM Bus 10130 provides inputs to BYF 20118, FlU 20120, and MIC 20122. lOMC 

65 Bus 10131 is a set of dedicated signal lines forthe exchange of control signals between IOS 101 18 and MEM 
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10112. 

Referring first to M10 Bus 10129, MIO Bus 10129 is a 36 bit bus receiving read data inputs from MC 
20116's Cache and from FlU 20120, A single read operation from MEM 101 12 to lOS 10116 transfers one 32 
bit word (or 4 bytes) of data (MIO(0— 31)) and four bits of odd parity (MI0Pi0--3)), or one parity bit per byte. 
« Referring next to lOM Bus 10130, a single transfer from lOS 10116 to MEM 10112 includes 36 bits of 

infonnation which may comprise erther a memory request comprising a physical address, a true length, 
and command bits. These memory requests and data are multiplexed onto lOM 10130 by 10S 10116. 

Data transfers from lOS 101 16 to MEM 10112 each comprise a single 32 bit data word {IOM{0— 31 )) and 
four bits of odd parity (10MP{0— 3)) or one parity bit per byte. Such data b-ansfers are received by either BYF 
« 20118 or FlU 20120. 

Each lOS 10116 memory request to MEM 10112, as described above, an address field, a length ^eld, 
and an operation code field. Address and length fields occupy the 32 lOM Bus 10130 lines used for transfer 
of data to MEM 10112 in lOS 10116 write operations. Length field includes four bits of Information 
occupying bits (IOM(03)) of lOM Bus 10130 and address field contains 27 bits of information occupying bits 

'5 (I0M(4— 31)) of lOM Bus 10130. Together, address and length field spedfy a physical starting address and 
true length of the particular data Item to be written into or read from MEM 10112. Operation code field 
specifies the type of operation to be performed by MEM 10112. Certain basic operation codes comprise 3 
bits of information occupying bits (lOMP (32—361) of lOM Bus 10130; as described above. These same lines 
are used for transfer of parity bits during data transfers. Certain operations which may be requested of 

^ MEM 10112 by lOS 101 16 are, together with their corresponding command code fields, are; 

000 = read, 

001 = read and set 
010 write, 

25 01 1 = error, 

100 = read error log (first half), 

101 - read error log (second half) and reset, 

1 10 « repair block* and 

111 = flush cache. 

30 

Two further command bits may spedfy further operations to be performed by MEM 1011Z A first 
command bit, indicates to MEM 10112 during write operatior^s whether it is desirable to encache the data 
being written Into MEM 101 12 in MC 20116's Cache. lOS 101 16 may set this fait to zero if reuse of the data is 
unlikely, thereby indicating to MEM 10112 that MEM 10112 should avoid encachmg the data. lOS 10116 

35 may set this bit to one rf the data is likely to be reused, thereby indicating to MEM 1 01 1 2 that it is preferable 
to encache the data. A second comniand bit is referred to a CYCLE. CYCLE command bit indicates to MEM 
10112 y(rfiether a particular data transfer is a single cyde operation, ihsi is a bit granular word, or a four 
cyde operation, that is a block aligned block or a byte aligned partial block. 

lOMC 10131 includes a set of dedicated Tines for exdiange of control signals between lOS 10116 and 

40 MEM 10112 to coordinate operation of lOS 10116 and MEM 10112- A first such signal is Load 10 Request 
{UOR)from lOS 10116 to MEM 10112, When IDS 10116 vwshes to load a memory request into MEM 10112, 
lOS 10116 asserts LIOR to MEM 10112. lOS 10116 must assert UOR during the same system cycle during 
which the memory request, that is address, length, and command code fields, are valid. 

If UOR and 10 Port Available (lOPA) signals, described below, are asserted during the same dock cyde, 

45 MEM 1 01 12's port is loaded from lOS 10116 and tOPA is dropped, indicating the request has been accepted. 
If a load of a request is attempted and lOPA is not asserted, MEM 10112 remains unaware of the request, 
UOR remains active, and the request must then be repeated when lOPA is asserted. 

lOPA is a signal from MEM 10112 to lOS 10116 which is asserted by MEM 10112 when MEM 10112 ts' 
available to accept a new request from lOS 101 16. lOPA may be asserted while a previous request from lOS 

50 10116 is completing operation if the address, length, and operation code fields of the previous request are 
no longer required by MEM 10112, for example in servicing bypass operations. 

10 Data Taken (TIOMD) is a signal from MEM 10112 to lOS 10116 indicating that MEM 10112 has 
accepted data from lOS 10116. lOS 10116 places a first data word on lOM Bus 10130 on the next system 
dock cycle after a write requ^t is loaded; that is, UOR has been asserted, a memory request presented, 

55 and lOPA dropped. MEM 10112 then takes that data word on the clock edge beginning the next system 
dock cycle. At this point, MEM 10112 asserts TIOMD to indicate the data has been accepted. On a »'ngle 
word operations TIOMD is not used by iOS 101 16 as a first data word is always accepted by MEM 101 12 If 
10 Port 20910 was available. On blodc operations, a first data word is always taken but a delay may occur 
between acceptance of first and second words, IOS 10116 is required to hold the second word valid on iOM 

€0 Bus 10130 until MEM 10112 responds vwth TIOMD to indicate that the block operation may proceed. 

Data Available for 10 (DAVIO) is a signal asserted by MEM 10112 to IOS 10116 Indicating that data 
requested by IOS 10116 is available. DAVtO Is as^rted by MEM 10112 during the system clock cyde In 
which MEM 101 12 places the requested data on MIO Bus 10129. In any dngle word type transfer, DAVIO is 
active for a single system clock transfer. In block type transfers, DAVIO is normally active for four 

^ consecutive system clodc cycles. Upon event of a single cycle "bubble" resulting from detection and 
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correction of an ERCC error by BC 20114, DAVIO will remain high for four non-consecutive system dock 
cycles and with a single cyde bubble, a non*dssertion, in DAViO corresponding to the detection and 
correction of the error. 

10 Memory Interrupt (IMINT) is a signal asserted by MEM 10112 to lOS 10116 when BC 20114 places a 

5 record of a detected error in BC 201 14'& Error Log, as described above. 

Previous MIO Transfer Invalid (PMIOI) signal is similarly a signal asserted by MEM 10112 to lOS 10116 
regarding errors In data read from MEM 101 12 to lOS 101 16. If an uncorrec^ble error appears in such data, 
that is an error in two or more data bits, the incorrect data is read to lOS 10116 and PMIOI signal asserted by 
MEM 10112. Correctfble, or single bit errors In data do not result in assertion of PMIOI. MEM 10112 will 

^0 assert PMIOI to lOS 10116 of the next system dock cycle following MEM lOll^s assertion of DAVIO, 

Having desc^bed MEM 10112's interface to lOS 10116, and certain operations which lOS 10116 may 
request of MEM 10112, certain MEM 10112 operations within the capability of the Interface will be 
described next. Rrst, operand transfers, for example of numeric data, between MEM 10112 and lOS 10116 
may be bit granular with any length from one to sixteen bits. Operand transfers may cross boundaries 
within a page but may not cross physical page boundaries. As previously described, MIO Bus 10129 and 
lOM Bus 10130 are capable of transferring 32 bits of data at a time. The least significant 16 tuts of these 
buses, that is bits 16 to 31, will contain right justified data during operand transfers. The contents of the 
most stgruficant 16 bits of these buses Is generally not defined as MEM 10112 generally does not perform 
f?lf operations on read operations to 10 Port 20910, nor does lOS 10116 fill unused bits during write 

20 operations. During a read or write operation, only those data bits indicated by length field in the 
correspondir>g memory request are of significance, (n all cases, however, parity must be valid on all 32 bits 
of MIO Bus 10129 and lOM Bus 10130. 

Referring to Rg. 204, lOS 10116 indudes Data Channels 20410 and 20412 each of which will be 
de^bed further in a following detailed description of IDS 10116. Data Channels 20410 and 20412 each 

25 possess particular characteristk^ defining certain 10 Port 20910 operations. Data Channel 20410 operates 
to read and write block aligned full and partial blocks. Full blocks have block aligned addresses and lengths 
. of 16 bytes. Partial blocks have byte aligned addresses and lengths of 1 to 15 bytes; a partial block transfer 
must be within a block, that is not cross block boundaries. A full 4 word block will be transferred between 
lOS 10116 and MEM 10112 in either case, but only those blocks indicated by length of field In a 

30 corresponding MEM 10112 request are of actual significance in a write operation. Non-addressed t^ytes In 
such operations may contain any irrformation so long as parity is valid for the entire data transfer. Data 
Channel 20412 preferably reads or writes 16 bits at a time on double byte bour^ries. Such reads and 
writes are right justified on MIO Bus 10129 and tOM Bus 10130. The most significant 16 bits of these buses 
may contain any information during such operations so long as parity is valid for the entire 32 bits. Data 

35 Channel 20412 operations are similar to lOS 10116 operand read and write operations with double byte 
aligned addresses and lengths of 16 bits. Rnally, instructions, for example controlling 105 10116 operation, 
are read from MEM 101 12 to tOS 101 16 a blodc at a time. Such operations are identical to a full block data 
read. 

Having described the operating characteristics of 10 Port 20910, the operating characteristics of JPO 
40 Port 21010 will be described next 

2. JPO Port 21010 Operating Characteristics (Rg. 210) 

Referring to Rg. 210, a cBag ramie representation of JPO Port 21010 is shown. As previously described, 
JPO Port 21010 is utilized for transfer of operands, for example numeric data, between MEM 101 12 and JP 

45 10114. JPO Port 21010 includes a request input (address, length, and operation information) to MIC 20122 
from 36 bit PD Bus 10146, a write data input to RU 20120 from 32 bit JPD Bus 10142, a 32 bit read data 
output from MC 20116 and RU 20120 to 32 bit MOD Bus 10144, and bi-directional control inputs arui 
outputs between MIC 20122 and JPMC Bus 10147. 

Referring first to JPO Port 21010's read data output to MOD Bus 10144, MOD Bus 1 0144 is used by JPO 

so Port 21010 to transfer data, for example operands, to JP 10114. MOD Bus 10144 is also utilized internal to 
MEM 10112 as a bidirectional bus to transfer data between MC 20116 and FlU 20120. In this manner, data 
may be transferred from MC 201 1 6 to FlU 201 20 where certain data format operations are performed on the 
data before the data is transferred to JP 10114 through MOD Bus 10144. Data may also be used to transfer 
data from RU 20120 to MC 201 16 after a data format operation is performed in a write operation. Data may 

55 also be transferred directly from MC 20116 to JP 10114 through MOD Bus 10144. Internal to MEM 10112, 
MOD Bus 10144 is a 36 bit bus for concurrent transfer of 32 bits of data, MOD Bus 10144 t»ts (MOD(0— ^1}), 
and 4 bits of odd parity, 1 bit per byte, MOD Bus 10144 bits (MODP(0— 3}). External to MEM 101 12, MOD 
Bus 10144 is a 32 bit bus, comprising bits (MOD(0— 31)1; parity bits are not read to JP 10114, 

Data is written into MEM 10112 through JPO Bus 10142 to RU 20120. As just described, data format 

50 operations may then be performed on this data before it is transferred from RU 20120 to MC 201 1 6 through 
MOD Bus 10144. In such operations, JPD Bus 10142 operates as a 32 bit bus carrying 32 bits of data, bits 
(JPD (0—31)), with no pari^ bits. JO Port 21010 generates parity for JPD Bus 10142 data to be written into 
MEM 10112 as this data is transferred into MEM 10112. 

Memory requests are also transmitted to MEM 10112 from JP 10114 through JPD Bus 10142, which 

& operates in this regard as a 40 bit bus. Each such request indudes an address field, a length field, an FlU 
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field specifying data formating operations to be performed, operation code field, and a d^ination code 
field specifying destination of data read from MEM 10112. Address field includes a 13 bit physical page 
number field, (JPPNtO— 12)), and a 14 bit physical page offset field, (JPPO{0— 13)). Length field includes 6 
bits of length information, (JLNG{0— 5)), and expresses true length of the data item to be written to or read 
5 from MEM 10112, 

. As JPD Bus 10142 and MOD Bus 10144 are each capable of transferring 32 bits of data in a single MEM 
10112 read or write cycle, 6 bits of length information are required to express true length. As will be 
described in a following description, JP 10114 may provide physical page offset and length information 
directly to MEM 10112, performs logical page number to physical page number translations, and may 
perform a Protection Mechanism 1 0230 check on the resulting physical page number. As such, MEM 10112 
expects to receive (JPPNIO— 12)) later than (JPPO{0— 13)) and (JLMG(0— 51). yPPO(0— 13)) and 
(JLNG(0— 5)) should, however, be valid during the system clock cycle in which a JP 101 14 memory request 
is loaded into MEM 10112. 

Operation code field provided to MEM 101 12 from JP 10114 is a 3 bit code, (JMCMD(0— 2)) spedfying 
75 an operation to be formed by MEM 101 12. Certain operations which JP 101 14 may request of MEM 101 12, 
and their corresponding operation codes« are: 





000 




read; 




001 




read and set; 


20 


010 




write; 




oil 




error; 




1(K) 




error; 




101 




read error log and reset; 




110 




repair block; and. 


25 


111 




fiush cache. 



, Two bit RU field, (JFIU((>— 1)) spedfies data manipulation operations to be performed in executing 
read and write operations. Among the data manipulation operations which may be requested by JP 10114, 
and their FlU fields, are: 

30 

00 - light justified, zero fill; 

01 « right justified, sign extend; 

10 = left justify, zero fill; and, 

11 = left justify, blank fill. 

35 

For write operations, JPO Port21010 may respond only to the most significant bit of RU field, that is 
the FIU field bit specifying alignment 

Finally, destination field is a two bit field specifying a JP 10114 destination for data read from MEM 
10112. This field is ignored for wvrite operations to MEM 10112. A finst bit of destination field, JPMDST, 
^ identifies the destination to be FU 10120, and the second field, EBMDST, spedfies EU 10120 as the 
destination. 

JPMC Bus 10147 indudes dedicated lines for exchange of control signals between JPO Port 21010 and 
JP 101 14. Among these control signals is Load JO Request (UOR), which is asserted by JP 101 14 when JP 
10114 wishes to load a r^uest into MEM 10112. UOR is asserted concurrently with presentation of the 
^ memoiy request to MEM 10112 through PD Bus 10146. JO Port Available (JOPA) is asserted by MEM 10112 
when JPO Port 21010 is available to accept a new memory request from JP 10114. If UOR and JOPA are 
asserted concurrently, MEM 10112 accepts the memory request from JP 10114 and MEM 10112 drops 
JOPA to indicate that memory request has t>een accepted. As previously discussed, MEM 10112 may assert 
JOPA while a previous request is being executed and the PD Bus 10146 information, that is the memory 
50 request previoudy provided concerning the previous request, is no longer required. 

If JP 10114 submits a memory request and JOPA is not asserted by MEM 10112, MEM 10112 does not 
accept the request and JP 10114 must resubmit that request when JOPA is asserted. Because, as described 
above, JPPN field of a memory request from JP 10114 may arrive late compared to the other fields of the 
request, MEM 10112 will delay loacfing of JPPN field for a particular request until the next system clock 
55 cycle after the request was initially submitted. MEM 101 12 may also obtain tfiis JPPN field atthe same time 
ft is being loaded Into the port register by by-passing the port register. 

JP 10114 may abort a memory request upon asserting Abort JP Request lABJR). ABJR will be accepted 
by MEM 10112 during system clock cyde after accepting memory request from JP 10114 and ABJR will 
result in cancellation of the requested operation. A single ABJR line is provided for both JPO Port 21010 
60 and JPI Port 21110 because, as described In a following description, MEM 10112 may accept only a single 
request from JP 101 14, to either JPO Port 21010 or to JPI port 21110, during a single system clock cycle. 

Upon completion of an operand read operation requested through JPO Port 21010 MEM 10112 may 
assert either of two data available signals to JP 10114. These signals are data available for FA(DAVFA) arKi 
data available for EB{DAV£B). As previously described, a part of each read request from JP 101 14 indudes 
$5 a destination field spedfying the intended destination of the requested data. As will be described further . 
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below, MEM 10112 tracks such destination information for read requests and returns destination 
information with a corresponding information in the form of DAVFA and DAVEB. DAVFA indicates a 
destination in FU 10120 while DAVEB indicates a destination in EU 10122. MEM 10112 may also assert 
signal zero filled (ZFILL) specifying whether read data for JPO Port 21010 is zero filled. ZFILL is valid only 
^ when DAVEB is asserted. 

For JPO Port 21010 write request, the associated write data word should be valid on same system clock 
cycie as the request, or one system clock cycle later, JP 1 01 1 4 asserts Load JP Write Data {U WD) during the 
system clock cycle when JP 10114 places valid write data on JPD Bus 10142. 

As previously discussed, when MEM 101 12 detects an error in servicing a JP 101 14 request MEM 10112 
places a record of this error in MC 201 16*8 Error Log. When an entry is placed in Error Log for either JPO 
Port 2101 0 or 10 Port 20910, MEM 101 12 asserts an interrupt flag signal indicating a valid Error Log entry is 
present DP 10118 detects this flag signal and may direct the flag signal to either JP 10114 or lOS 10116, or 
both. lOS 10116 or JP 10114, as selected by DP 10118, may then read and reset Error Log and reset the flag. 
The inti&rrupt flag signal is not necessarily directed to the requestor, JP 101 14 or iOS 101 16, whose request 
resulted in the error. 

If an uncorrectibie MEM 10112 error, ttiat is an error in two or more bits of a single data word, is 
detected in a read operation the incorrect data is read to JP 10114 and an invalid data signal asserted. A 
signal. Previous MOD Transfer Invalid (PMODI), is asserted by MEM 10112 on the next system dock cycle 
following either DAVFA or DAVEB. PMODI is not asserted for single bit errors, instead the data is corrected 
^ and the corrected data read to JP 10114. 

Having described JPO Port 21010's structure, and characteristics, JPI Port 21 1 10 will be described next 
below. 

3. JPI Port 21110 Operating Characteristics (Rg. 211) 

Referring to Rg. 211, a diagramic representation of JPI Port 211 10 is shown. JPI port 21110 indudes an 
address input from PD Bus 10146 to RU 20120, a data output to MOD Bus 10144 from MC 20116, and bi- 
directional control inputs and outputs from MtC 20122 to JPMC Bus 10147. As previously described, a 
primary function of JPI Port 21110 is the transfer of SOPs and operand NAMEs from MEM 10112 to JP 
10114 upon request from JP 10114. JPI Port thereby performs oniy read operations wherein each read 

^ operation is a transfer of a single 32 bit word having a word aligned address. 

Referring to JPI Port 21 110 input from PD Bus 10146, read requests to MEM 10112 by JP 10114forSOPs 
and operand NAMEs each comprise a 21 bit vrard address. As described above, each JPI Port 21110 read 
operation is of a single 32 bit word. As such, the five least dgnificant bits of address are ignored by MEM 
10112. For the same reason, a JPI Port 21110 request to MEM 10112 does not indude a length field, an 

^ operation code field, an RU field, or a destination code field. Length, operation code, and RU code fields 
are not required since JPI Port 21110 performs only a single type of operation and destination code field is 
not required because destination is Inherent in a JPI Port 21110 request 

The 32 bit words read from MEM 10112 in response to JP! Port 21110 requests are transferred to JP 
10114 through MC 20116*8 32 bit output to MOD Bus 10144. As in the case of JPO 21010 read outputs to JP 

^ 10114, JPI Port 21110 does not provide parity information to JP 10114. 

Control signals exchange between JP 101 14 and JPI Port 21110 through JPMC Bus 10147 indude Load 
JI Request (UiR) and Jl Port Available (JlPA), which operate in the same manner as discussed with 
reference to JPO Port 2101O. As previously descril>ed, JPO Port 21010 and JPI Port 21110 share a single 
Abort JP Request (ABJR) command. Similariy, JPO Port 21010 and JPI Port 21110 share previous MOD 

^ Transfer Invalid (PMODI) from MEM 101 12. As described above, a JPI port 21 1 10 request does not indude a 
destination fidd as destination is Implied. MEM 10112 does, however, provide a Data Available Signal 
(DAVFI) to JP 101 14 when a word read from MEM 101 1 2 in response to a JPI Port 21 1 10 request is present 
on MOD Bus 10144 and valid. 

Having described the overall structure and operation of MEM 101 1 2, and the structure and operation of 

so MEM 10112's interface to JP 101 14 and IOS 10116, the structure and operation of RU 20120 MEM 10112 will 
next be described in further detail. 

h. RU 20120 (Rgs. 201, 230, 231) 

As previously described, RU 20120 performs certain data manipulation operations, including those 

ss operations necessary to make MEM 10112 bit addres^bie. Data manipulation operations may be 
performed on data being written into MEM 10112, for example, JP 10114 through JPD Bus 10142 orfrom 
IOS 10116 through lOM Bus 10130. Data nrwnipulations operations may also be performed on data being 
read from MEM 10112 to JPD 101 14 or IOS 101 16. In case of data read to JP 101 14, MOD Bus 10144 is used 
both as a MEM 101 12 internal bus, in transferring data from MC 20116 to FlU 20120 for manipulation, and to 

60 transfer manipulated data from MEM 10112 to JP 10114. in case of data read to IOS 10116, MOD Bus 10144 
is again used as MEM 10112 internal bus to read data from MC 20116 to RU 20120 for subsequent 
manipulation. The manipulated data is then read from FlU 20120 to tOS 10116 through MlO Bus 10129, 

Certain data manipulation operations which may be performed by RU 20120 have been previous 
described. In general, a data manipulation operation consists of four distinct operations, and RU 20120 

65 may manipulate data in any possible manner which may be achieved through performing any combination 
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of these operations. These four possible operations are selection of data to be manipulated, rotation or 
shifting of that data, masking of that data, and transfer of thiat manipulated data to a selected destination. 
Each FlU 20120 data input witl comprise a thirty-two bit data word and, as described abover may be 
selected from Input provided from JPD Bus 10142, MOD Bus 101 44« and lOM Bus 10130. In certain cases, an 
^ RU 20120 data Input may comprise two thirty-two bit words, for example, when a cross word operation is 
performed generating an output comprised of bits from each of two different thirty-two bit words. Rotation 
or shifting of a selected thirty-two bit date word enables bits within a selected word to be repositioned with 
respect to word boundaries. When used in conjunction with the masking operation^ described 
momentarily, rotation and shifting may be reiterably performed to transfer any selected bits in a word to 
any selected locatjons in that word. As will be described further below, a masking operation allows any 
selected bits of a word to be affectively erased, thus leaving only certain other selected bits, or certain 
selected bits to be forced to predetermined values. A masking operation may be performed, for example, to 
zero fill or sign extend portions of a thirty-two bit word. In conjunction with a rotation or shifting operation, 
a masking operation may, for example, select a single bit of a thirty-two bit input word, position that bit in 
any selected bit location, and force all other bits of that word to zero. Each output of Flli 20120 is a thirty- 
two bit data word and, as described above, may be transferred on to MOD Bus 10144 or onto MIO Bus, 
' 10129. As vinll be described below, selection of a particular sequence of the above four operations to be 
performed on a particular data word is determined by control inputs provided from MIC 20122. These 
control Inputs from MIC 20122 are decoded and executed by microinstruction control logic Included within 
^ RU 20120. 

Referring to Bg. 230, a partial block diagram of RU 20120 is shown. As indicated therein, RU 20120 
includes Data Manipulation Circuitry (DMC) 23010 and RU Control Circuitry (RUC) 23012. Data 
Manipulation Circuitry 23010 in turn indudes FlUlO circuitry (FlUlO) 23014, Data Shifter (DS) 23016, Mask 
•Logic (MSK) 23018, and Assembly Register (AR) logic 23020. Data manipulation circuitry 23010 will be 

^ describedfirstfoliovvedbyRUC23012.tndescribingdatamanipulationcircuttry23010, FlUlO 23014 will be 
described first, followed by DS 23016, MSK 23018, and AR 23020, in that order. 

Referring to RUlO 23014, RUlO 23014 comprises RU 201 20*$ data input and output circuitry. Job 
Processor Write Data Register (JWDR) 23022, 10 System Write Data Register (IWDR) 23024, and Write Input 
Data Register (RIDR) 23026 are connected from, respectively, JPD Bus 10142, lOM Bus 10130, and MOD Bus 

30 10144 for receiving data word inputs from, respectively, JP 101 14, lOS 101 16, and MC 201 16. JWDR 23022, 
IWDR 23024 and RIDR 2^26 are each thiny-sbc bit registers comprised, for example, of SN74S374 
regi^ers. Data words transferred into IWDR 23024 and RIDR 23026 are each, as previously ctescribed, 
comprised of a thirty-4wo data word plus four bits of parity. Data Inputs from JP 10114 are, however, as 
previously described, thirty-two bit data words without parity. Job Processor Parity Generator (JPPQI 

^ 23028 associated wUh JWDR 23022 is connected from JPD Bus 10142 and generates four bits of parity for 
each data input to JWDR 23022. JWDR 23022*5 thirty-sbc bit input thereby comprises thirty-two bits of data, 
directly from Jf^ Bus 10142, plus a corresponding four bits of parity from JPPG 23028. 

Data words, thirty<two bits of data plus four bits of parity, are transferred into JWDR 23022, IWDR 
23024, or RIDR 23026 when, respectively, input enable signals toad JWD (UWD), Load IWD (liWDI or Load 

^0 RID (LRID) are asserted. UWD is provided from FU 10120 while LIWD and LRID are provided from MIC 
20122. 

Data words resident In JWDR 2^22, IWDR 23024, or RIDR 23026 may be selected and transferred onto 
RU 20120's Internal Data (IB) Bus 23030 fay ou^ut enable signals JWD Enable Output (JWDEO), IWD 
Enable Output (IWDEO), an RID Enable Output {mOEO). JWDEO, IWDEO, and RDIEO are provided from 

^ RUC 23012 d^cribed below. 

As will be described further t^low, manipulated data words from DS 23016 or AR 23020 will be 
transferred onto, respectively. Data Shifter Output (DSO) Bus 23032 or Assembly Register Output (ASYRO) 
Bus 23034 for subsequent transfer onto MOD Bus 10144 or MIO Bus 10129. Each manipulated data word 
appearing on DSO Bus 23032 or ASYRO Bus 23034 will be comprised of 32 bits of data plus 4 bits of parity, 

so Manipulated data words present on DSO Bus 23032 may be transferred onto MOD Bus 10144 or MIO Bus 
10129 through, respectively, DSO Bus To MOD Bus Driver Gate (DSMOD) 23036 or BSO Bus To MIO Bus 
Driver Gate (OSMIO) 23038. Manipulated data words presem on ASYRO Bus 23034 may be transferred onto 
MOD Bus 10144 or MIO Bus 10129 through, respectively, ASYRO Bus To MOD Bus Driver Gate (ASYMOD) 
23040 or ASYRO Bus To MIO Bus Driver Gate (ASYMIO) 23042. DSMOD 23036, DSMIO 23038, ASYMOD 

55 23040, and ASYMIO 23042 are each comprised of, for example, SN74S244 drivers. A manipulated data 
word on DSO Bus 23032 be trar^rred through DSMOD 23036 to MOD Bus 1 0144 when driver gate enable 
signal Driver Shift To MOD (DRVSHFMOD) to DSMOD 23036 Is asserted. Simiiariy, a manipulated data 
word on DSO Bus 23032 will be transferred through DSMIO 23038 to MIO Bus 101^ when driver gate 
enable signal Drive Shift Through MIO Bus (DRVSHFMIO) to DSMIO 23038 is asserted. Manipulated data 

€0 words present on ASYRO Bus 23034 may be transferred onto MOD Bus 10144 or MIO Bus 10129 when, 
respectively, driver gate enable signal Drive Assembly To Mod Bus (ORVASYMOD) to ASYMOD 23040 or 
Drive Assembly To MIO Bus (DRVASYMIO) to ASYMIO 23042 are asserted. DRVSHFMOD, DRVSHFMIO, 
DRVji^MOD, and DRVASYMIO are provided, as described below, from FlUC 23012. 

Registers lARM 23044 and BARMR 23046, which will be described further in a following description of 

65 DP 10118, are used by DP 10118 to, respectively, write data words onto IB 23030 and to Read data words 
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from MOD Bus 10144, for example manipulated data words from FlU 20120. Data word written into lARMR 
23044 from DP 101 18, that is 32 bits of data and 4 bits of parity, will be transferred onto IB Bus 23030 when 
register enable output signal lARM enable output (lARMEO) from RUC 23012 is asserted. Similarly, a data 
word present on MOO Bus 10144, comprising 32 bits of data plus 4 bits of parity, will be wntten mto BARMR 
23046 when load enable signal Load BARMR (LDBARMR> to BARMR 23046 is asserted by MIC 20122. A data 
word written into BARMR 23046 from MOD Bus 10144 may then subsequently be read to DP 10118. lARMR 
23044 and BARMR 23046 are similarto JWDR 23022, IWDR 23024, and IRDR 23026 and may be comprised, 
for examplOr of SN74S299 registers. . * .r^ r^'%^^r^ * 

Referring finaliy to 10 Parity Check Circuit «OPC) 23048, lOPC 23048 is connected ^"^"^ 
receive each data word, that is 32 bits of data plus 4 bits of parity, appearing on IB Bus 23030. lOPC 23048 
confirms parity and data validity of each data word appearing on IB Bus 23CO0 ?"5^' J" PSj^^^^^;^' 
detennines validity of parity and data of data words written Into FlU 20120 from lOS 10116. iOPC 23048 
generates output Parity Error (PER), previously discussed, indicating a parity error in data words from lOS 



Referring to DS 23016, DS 23016 indudes Byte Nibble Logic (BYNL) 23050, Parity Rotation Logic PRL) 
23052, and Bit Scale Logic (BSD 23054. BYNL 23050, PRL 23052, and BSL 23054 rnay respectively be 
comorised of, for example, 25S10 shifters. BYNL 23050 is connected from IB Bus 23030 for rec»ivmg and 
^E^e^T^^ a data word selected and transferred onto IB Bus 23030. PRL 23052 is a 4 brt 
register simllariy connected from IB Bus 23030 to receive and shift the 4 parity bits of a data word selected 
and transferred onto IB Bus 23030. Outputs of BYNL 23050 and PRL 230^ 

Bus 23032, thus providing a 36 bit HU 20120 data word output directly from BYNL 23050 and PRL 23052. 
BYNL 23050-8 32 bit data output is also connected to BSL 23054's input BSL 23054's 32 brt output is in turn 
provided to MSK 230ia . . ^ 

As previously described, DS 23016 performs data manipulation operations involving shifting of bits 
within a data word. In general, data shift operations performed by DS 23016 are rotations wherein data bits 
are right shifted, with least significant bits of data word being shifted into most significant bit position and 
most sianificam bits being translated towards least significant bit positions. DS 23016 rotation operations 
are performed in two stages, Rist stage is perfomied by BYNL 23050 and PRL 23052 and <»mpns^ nght 
rotations on a nibble basis (a nibble is defined as 4 bits of data). That is, BYNL 23050 right shifts a data word 
by an integral number of 4 bit increments. A right rotation on a nibble by nibble basis may, for example, be 
performed when RM 20722 asserts FUPHALF previously described. FUPHALF is asserted for lOS 101 16 half 
word read operations wherein the request data resides in the most significant 16 bits of a data word from 
MC 201 16. BYNL 23050 will perfomi a right rotation of 4 nibbles to transfer the desired 16 bits of data into 
the least significant 16 bits of BYNL:2a)50's output Resulting BYNR 23O50 output, together PRL 23052's 
parity bit output vwjuld then be transfenred through DSO 23050 to MIO Bus 10129. In addition to Pf rfo^rimg 
data shifting operations, DS 23016 may transfer a data vrord, that is the 32 bits of da^, dire^y to MSK 
23018 when data manipulation to be performed does not require data shifting, that is shifts of 0 bits may be 



Because data bits are shifted by BYNL 2»>50 on a nibble basis, the relationship between the 32 data 
bits of a word and the corresponding 4 parity bits may be maintained if parity bits are similarly nght rot^ 
by an amount corresponding to right rotation of data bits. This relation^ip is tnie If the data word Is shifted 
in multiples of 2 nibbles, that is 8 bits or 1 byte. PRL 23052 right rotates the 4 parity bits of a data word by an 
amount corresponding to right rotation of the corresponding 32 data bits in BYNL 23050. Right rotated 
outputs of BYNL 23050 and PRL 23052 therefore comprise a valid data word having 32 bits of data and 4 bits 
of parity wherein the parity bits are correctly related to the data bits. A right rotated data word o"jPJfLfrom 
BYNL 23050 and PRL 23052 may be transferred omo DSO Bus 23032 for subsequent transfer to MOD Bus 
10144 or MIO Bus 10129 as described above- DSO 23032 is used as FlU 20120's output data path for byte 
write operations and "rotate read" operations wherein the required manipulation of a particular data word 
requires only an integral numer of right rotations by bytes. Amount of right rotation of 32 bits of dara in 
BYNL 23050 and 4 bits of parity in PRL 2^2 is controlled by input signal shift (SHFT) (0-2) to BYNL 23050 
and PRL 23052. As will be described below, SHFT (0—2) is generated, together with SHFT (^-4) controlling 
BSL 23054 by FlUC 2^12. BYNL 23050 and PRL 23052, like BSL 23054 described below, are parallel shift 
logic chips and entire rotation operation of BYNL 23050 and PRL 23052 or BSL 23054 may be performed in a 

single dock cycle. . l j * 

Second stage of rotation is performed by BSL 23054 which, as described above, receives the 32 data 
bits of a data word from BYNL 23050, BSL 23054 perfonns right rotation on a bit by b"it basis with the^rft 
amount being ^lectaWe between 0-3 bits. Therefore, BSL 23054 may rotate bits through nibble 
boundaries. BYNL 23050 and BSL 23054 therefore comprise a data shifting circuit capable of performing 
bit-bUbit right rotation by an anKuint from 1 bit to a full 32 brt right rotation. , 
Refemng now to MSK 23018, MSK 23018 is comprised of 5 32 bit Mask Word Generators <MWG s) 
23056 to 23084. MSK 23018 generates a 32 bit output to AR 23020 by selectrveiy combining 32 brt mask 
word outputs of MWG's 23056 to 23064. Each mask word generated by one of MWG's 23056 to ^064 is 
effectively comprised a bit by bit combination of a set of enabling bits and a predetennined 32 bit mask 
word, generated by RUC 23012 and MIC 20122. MWG's 23058 to 23064 are each comprised of for example, 
open collar NAND gates for performing these functions, while NWG 23056 is compnsed of a PROM. 
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As just described, outputs of MWG's 23056 to 23064 are all open collector circuits so that any selected 
combination of mask word outputs from MWG's 23056 to 23064 may be ORed together to comprise the 32 
bit output of MSK 23018. 

MWG 23058 to MWG 23064 generate, respectively, mask word outputs Locked BH Word (LBW) (0—31), 

5 Sign Extended Word ^(SEW) (0—31), Data M^k Word (DWJW) (0—31), Blank Fill WortJ (BWF) <0— 31), and 
Assembly Register Output (ARO) (0-31), Referring first to MWG 23064 and ARO (0—31), the contents of 
Assembly Register (ASYMR) 23066 in AR 23020 are passed through MWG 23064 upon assertion of enabling 
signal Assembly Output Register (ASYMOR). ARO (0—31) is thereby a copy of the contents of ASYMR 
23066 and MWG 23064 allows the contents of ASYMR 23066 to be ORed with the selected combination of 

10 LBW (0—31), SEW (0—31), DMW (0—31), or BFW (0—31). 

DMW (0-31) from MWG 23060 is generated by ANDing enable Input Data Mask (OMSK) (0—31) with 
the 32 bit output of DS 23016. OMSK (0—31) is a 32 bit enabling word generated, as described below, by 
FIUC 23012. RUC 23012 may generate 4 different OMSK (0—31) patterns. Referring to Rg. 231, the 4 DMSKs 
(0-31 ) which may be generated by RUC 201 32 are shown. DMSKA (0— 31 ) is shown in Une A of Rg. 231 . In 

IS DMSICA (0—31 ) all bits to the left of but not inci uding a bit designated by Left Bit Address (LBA) and all bits 
to the right of and not induding a bit designated by Right Bit Address (RBA) are 0. All bits between, and 
including, those bits designated by LBA and RBA are Vs. DMSKB (0—31) is shown in Line B of Rg. 231 and 
is DMSKA (0—31 ) inverted. DMSKC (0-31 ) and DMSKD (0—31 ) are shown, respectively, in Unes C and D of 
Rg. 231 and are comprised of, respectively, all O's or all Vs. As stated above OMSK (0-^1) is ANDed with 

20 the 32 bit output of DS 23016. As such, DMSKC (0-31) may be used, for example, to inhibit DS 230ie's 
output while DMSKD (0—31) may be used, for example, to pass DS 23016's output to AR 23020. DMSKA 
(0—31 ) and DMSKB (0—31 ) may be used, for example, to gatp selected portions of DS 23016's output to AR 
23020 where, for example, the selected portions of DS 23016's output may be ORed with other mask word 
outputs MSK 230ia 

25 Referring next to MWG 23062, MWG 23062 generates BFW (0—31). BFW (0—31 ) Is used in a particular 
operation wherein 32 bit data words containing 1 to 4 ASCII blanks are required to be generated wherein 1 
btt^jyte contains a logic one and remaining bits contain logic zeros. In this case, the ASai blank bytes may 
contain iogtc 1's in bit positions 2, 10, 18, and 26. 

Referring again to Rg. 231, Une E therein shows 32 bit right mask (RMSK) (0—31) which may be 

30 gerterated by RUC 2301Z In the most general case, RMSK contains zeros in all bit positions to the left of 
and including a bit position designated by RBA, When used in a blank fill operation, bit positions 2, 10, 18, 
and 26 may be selected to contain logic Vs depending upon those byte positions containing logic 1's, that 
is in tho^ bytes containing ASCII blanks; these bytes to the right of RBA are determined by RMSK (0—31). 
RMSK (0—31) Is enabled through MWG 23062 as BWF (0—31) when MWG 23062 is enabled by blank fill 

35 (BLNKRLU provided from RU 23012. 

As described above, MWG's 23058 to 23064 and in particular MWG's 23060 and MWG 23062 are NANO 
gate operations. Therefore, the outputs of MWGs 23056 through 23064 are active low signals. The inverted 
output of ASYMR 23(^ is used as an output to ASYRO 23034 to invert these outputs xo active high, 
MWG 23058, generating SEW (0—31),. Is used in generating sign extended or filled words. In sign 

40 ^ctertded words, all bit spaces to the left of the most significant bit of a 32 bit data word are filled wrth the 
sign bit of the data contained therein, the left most bits of the 32 bit word are filled with I's or O's depending 
on whether that word's sign bit indicates that the data contained therein is a posith^e or negative numt>er. 

Sign Select Multiplexor (SIGNSEL) 23066 is connected to receh^e the 32 data bits of a word present on 
IB Bus 23030. Sign Select (SGNSEU (0-4) to SIGNSEL 23066 is derived from SBA (0-4), that is from SBA 

45 Bus 21226 from PRMUX 20720. As previously described, SBA (0—4) is Starting Bit Address identifying the 
first or most significant bit of a data word. When a data word contains a signed number, most significant bit 
contains sign bit of that number. SGNSEL (0—4) input to SIGNSEL 23066 is used as a selection input and, 
when SIGMSEL is enabled by Sign Extend (SIGNEXT) from FlU 23012, selects the sign bit on IB Bus 23030 
and provides that sign bit as an input to MWG 23058. 

50 Sign bit input to MWG 23058 is ANDed with each bit of left hand mask (LMSK) (0—31 ) from FIUC 23012. 

Refemng again to Rg. 231, LMSK (0—31) is shown on Line F thereof. LMSK (0—31) contains all O's to the 
right of and Including the bit space identified by LBA and Vs in all bit spaces to the left of that bit space 
identified by LBA. SEW (0—31) will tiierefore contain sign bit in all bit spaces to ^e left of the most 
significant bit of the data word present on output of MWG 23058. The data word on IB Bus 23030 may then 

as be passed through DS 23016 and subjected to a OMSK operation wherein all bits to the left of the most 
significant bit are forced to 0. SEW (0—31) and DMW (0—31) outputs of MWG's 23058 and 23060 may then 
be ORed to provide the desired find extended word output 

LBW (0—31), provided by MWG 23056, is used in locked bit operations wherein the most significant 
data bit of a data word is in MEM 1 01 12 forced to logic 1 . SIGNSEL (0-4) is an address input to MWG 23056 
and, as previously described, indicates most agnificant data bit of a data word present on an IB Bus 23030. 
MWG 23056 is enabled by input Lock (LOCK) from RUC 23012 and the resulting LBW (0—31) will contain a 
single logic 1 in the bit space of the most significant data bit of the data word present on IB Bus 23030. The 
data word present on IB Bus 23030 may then be passed through DS 23016 and MWG 23060 to be ORed with 
LBW (0—31) so that that data words most significant data Wt is forced to logic 1. 

fis Refen-ing to AR 23020, AR 23020 includes ASYMR 23066, which may be comprised for example of a 
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SN74S175 registers, and Assembly Register Parity Generator (ASYPG) 23070. As previously described, 
ASYMR 23066 Is connected from IVISK 23018 32 bit output. A 32 bit word present on MSK 23018's output 
will be transferred into ASYMR 23066 wiien ASYMR 23066 is enabled by Assembly Register lx>ad 
(ASYMU)) from MIC 20122. The 32 bit word generated through DS 23016 and MSIC 23018 will then be 
present on ASYRO Bus 23034 and may, as described above, then be transferred onto MOD Bus 10144 or 
MIO Bus 101 ^. ASYPG 23070 Is connected from ASYMR 23066 32 bit output and will genenate 4 parity bUs 
for the 32 bit word presently on the 32 data lines of ASYRO Bus 23034. ASYPG 23070*3 4 bit parity output is 
bused on the 4 parity bit lines of ASYRO Bus 23034 and accompany the 32 bit data word present thereon. 
Having described structure and operation of Data Manipulation Circuitry 23010, FlUC 23012 will be 

described next below. , _e , 0^-.**^ -ru ♦ 

Referring again to Rg. 230, RUC 23012 provides pipelined microinstruction control of RU 20120, That 
is, control signals are received from MIC 20122 during a first ciockcyde and certain of the control signals 
are decoded by microinstruction logic to generate further RUC 23012 control signals. During the second 
clock cycle, control signals received and generated during first clock cyde are provided to DMC 23010, 
some of which are further decoded to provide yet other control signals to control operation of FlUC 23012. 
RUC 23012 includes Initial Decode Logic (IDL) 23074, Pipeline Registers (PPLR) 23072, Rnal Decoding Logic 
(FDD 23076, and Enable Signal Pipeline Register <ESPR) 23098 with Enable Signal Decode Logic {ESDU 
23099. 

IDL 23074 and Control Pipeline Register <CPR) 23084 of PPLR 23072 are connected from control outputs 
of MIC 20122 to receh/e control signals therefrom during a first dock cyde as described above, IDL 23074 
provides outputs to control pipeline registers Right Bit Address Register (RBAR) 23086, Left Bit Address 
Register (LBAR) 23088 and Shift Register (SHFR) 23090 of PPLR 23072. CPR 23084 and SHFR 23090 provide 
control outputs directly to DMC 23010. As described above these outputs control DMC 23010 during second 
dock cyde, ^ , , , 

CPR 23084, RBAR 23086, and LBAR 23088 provide outputs to ¥OL 23076 dunng second dock cyde and 
PDL 23076 in turn provides certain outputs directly to DMC 23010. 

ESPR 230M and ESDL 2^^ receive enable and control signals from MIC 20122 and In turn provide 
enable and control signals to DMC 23010 and certain other portions of MEM 10112 drcuitry- 

IDL 23074 and FDL 23076 may be comprised, for example, of PROMs. CPR 23084, RB^ 2^)86, LBAR 
23088, SHFR 23090, and ESPR 23098 may be comprised, for example, of SN74S194 registers. ESDL 23C©9 
may be comprised of, for example, compatible decoders, such as logic gates- 
Referring first to IDL 23074, IDL 2^4 performs an initial decoding of drcuitry control signals from MIC 
20122 and provides further control signals used by RUC 23012 in controlling RU 20120. IDL 23074 is 
comprised of read-only memory arrays Right Bh Address Decoding Logic (RBADL) 2aJ78, Left Bit Address 
Decoding Logic (i^ADU 23080, and Shift Amount Decoding Logic (SHFAMTDL) 23082. RBADL 23078 
receives, as address inputs, Rnal Brt Address (FBA) (0—4), Bit Length Number <BLN) (0—4), and Starting Bit 
Address (SBA) (0-4). FBA, BLN and SBA define, respectively, the final bit, length, and starting bit of a 
requited data Item as previously discussed with reference to PRMUX 20720. RBADL 23078 also receives 
chip select enable signals Address Translation Chip Select (ATCS) 00, 01, 02, 03, 04, and 15 from MIC 20122 
and. In particular, RM 20722. When RU 20120 is required to execute certain MSK 23018 operations. Inputs 
FBA (0-4), BLN (0—4), and SBA {0-^), together with an ATCS input, are provided to RBADL 23078 from 
MIC 20122. RBADL 23078 in tum provide output RBA (Right Bit Address) (0—4), which has been described 
above with reference to DMSK (0-31) and RMSK (0-31). LBADL 23080 is similar to RBADL 23078 and is 
provided with inputs BLN (0—4), FBA (0-4), SBA (0—4), and ATCS 06, 07, 08, 09, and 05 from MIC 20122. 
Again, for certain MSK 23018 operations, LBADL 23080 will generate Left Bit Address (LBA) (0—4), which 
has t>een previously discussed above with reference to DMSK (0—31) and LMSK (0—31). 

RBA (0—4) and LBA (0—4) are, respectively, transferred to RBAR 23086 and LBAR 23088 at start of 
second dock cyde by Pipeline Load Enable signal PIPELD provided from MIC 20122. RBAR 23086 and LBAR 
230^ in turn respectively provide outputs Register Right Address (RRAD) (0—4) and Register Uft Address 
(RLAD) (0—4) as address inputs to Right Mask Decode Logic (RMSKDL) 23092, Left Mask Decode Logic 
(LMSKDL) 23094, and FDL 23076 at start of second dock cyde. RRAD (0—4) and RLAD (0—4) correspond 
respectively to RBA (0-4) and LBA (0-4). ^ . ^ ^ «i *f^ 

RMSKDL 23092 and LMSKDL 23094 are ROM arrays, having, as just described, RRAD (0—4) and RLAD 
(0—4) as, respectively, address inputs and Mask Enable (MSKENBL) from CPR 23084 as enable mputs. 
Together, RMSKDL 23092 and LMSKDL 23094 generate, respectively, RMSK (0—31) and LMSK (0—31) to 
MSK 23018. RMSK (0—31) and LMSK (0—31) are provided as inputs to Exdusive Or/Exclusive Nor gating 
(XOR/XNOR) 23096. XOR/XNOR 23096 also receives enaWe and selection signal Out Mask (OUTMSK) from 
CPR 23084, RMSK (0—31 ) and LMSK (0—31 ) inputs to XOR/XNOR 23096 are used, as selected by OUTMSK 
from CPR 23084, to generate a selected DMSK (0—31) as shown in Rg. 231. DMSK (0-31) output of XOR/ 
XNOR 23096 is provided, as described above, to MSK 23018. 

Referring again to IDL 23074, SHFAMTBL 23082 d«x)des certain control inputs from MIC 20122 to 
generate, tiirough SHRl 23090, control inputs SHFT (0-4) and SGNSEL (0—4) to, re^>ectiveiy, DS 23016, 
SIGNSEL 23068 and MWG 23056. Address inputs to the PROMs comprising SHFAMTBL 2^382 indude FBA 
(0—4), SBA (0—4), and aiPHALF (FUPHALF) from MIC 2012^ FBA (0-4) and SBA ((^-4) have been 
described above. FUPHALF is a control signal indicating that as described above, that 16 bits of data 
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requested by lOS 10116 resides in the upper half of a 32 bit data word and causes those 16 bits to be 
transferred to the lower half of FlU 201 20's output data word onto MIO Bus 10129, MIC 20122 also provides 
chip enable signals ATCS 10, 11, 12, 13, and 14. Upon receiving these control inputs from MIC 20122, 
SHFAMTDL 23082 generates an output shift amount (SHFAMT) (0—4) which, together with SBA (0—4) from 

5 MIC 20122, is transferred into SHFR 23030 by PIPELD at start of second clock cycle. SHFR 23090 then 
provides corresponding outputs SHFT (0—4) and SIGNSEL (0-4). As described above, SIGNSEL (0—4) are 
provided to SIGNSEL 23068 and MWG 23056 and MSK 23018. SHFT (0-4) Is provided as SHFT (0—2) and 
SHFT (3—4) to, respectively, BYNL 23050 and BSL 23054 and DS 23016. 

Referring to CPR 23084, as described above certain control signals are provided directly to FlU 20120 
circuitry without being decoded by IDL 23074 or FDL 23076. Inputs to CPR 23084 include Sign Extension 
(SIGNEXT) and Lock (LOCK) indicating, respectively, that RU 20120 Is to perform a sign extension 
operation through MWG 23058 or a lock bit word operation through MWG 23056. CPR 2^)84 provides 
corresponding outputs SIGNEXT and LOCK to MSK 23018 to select these operations. Input Assembly 
Output Register (ASYMOR) and Blank f=ill (BLANKRLL) are passed through CPR 23084 as ASYMQR and 

« BLANKRLL to, respectively. MWG 23064 and MWG 23062 to select the output of ASYMR 23066 as a mask 
or to indicate that MSK 23018 Is to generate a blank filled word through MWG 23062. Inputs OUTMSK and 
MSKENBL to CPR 23084 are provided, as discussed above, as enable signals OUTMSK and MSKENBL to, 
respectively, EXOR/ENOR 23096 and RMSKDL 23092 and LMSKBL 23094 and generating RMSK (0—31), 
LMSK (0--31), and OMSK ((V— 31) as described above. 

Referring finally to ESPR 23098 and ESOL 23099, ESPR 23098 and PPLR 23072 together connprise a 
pipeline register and ESDL 23099 decoding logic for providing enable signals to FlU 20120 and other MEM 
10112 dreuitry. ESPR 23098 receives inputs Drive MOD Bus (DRVMOD) (0—1), Drive MIO Bus (DRVMIO) 
(0—1), and Enable Register (ENREG) (0—1) from MIC 20122 as previously described. DRVMOD (0—1), 
DRVMIO (0—1), and ENREG (0—1) are transferred into ESPR 23098 by PIPEIXI as previously described with 

^ reference to PPLR 23072. ESPR 23098 provides corresponding outputs to ESDL 23099, which in turn 
decodes DRVMOD (0—1), DRVMIO (0—1), and ENREG (0—1) to provide enable dgnals to FlU 20120 and 
other MEM 10112 circuitry. Outputs DRVSHFMOD, DRVASYMOD, DRVSHFMIO, and DRVASYMIO are 
provided to DSMOD 23036, DSMIO 23038, ASYMOD 23040, ASYMIO 23042, and FlUlO 23014 to control 
transfer of FlU 20120 manipulated data words onto MOD Bus 10144 and MIO Bus 10129, Outputs lARMEO, 

5ff JWDEO, iWDEO, and RtDEO are provided as output enable signals to lARMR 23044, JWDR 23022, IWDR 
23024, and RIDR 23026 to transfer the contents of these registers onto IB Bus 23030 as previously 
. descnlwd. Outputs DRVCAMOD, DBVAMIO, DRVBYMOD, and DRVBYMIO are provided to MC 20116 for 
use in controlting transfer of information onto MOD Bus 10144 and MIO Bus 10129. 

Having described the structure and operation of MEM 101 12 above, the structure and operatiort of FU 

55 10120 will be described next below. 

B- Fetch Unit 10120 (figs. 202, 206^ 101, 103, 104, 238) 

As has been previously described, FU 10120 is an independently operating, microcode controlled 
machine comprising, together with EU 10122, CS 10110's micromachine for executing user's programs. 

^ Principal functions of FU 10120 indude: (1 ) Fetching and interpreting instructions, that is SINs comprising 
SOPs and Names, and data from MEM 10112 for use by FU 10120 and EU 10122; (2) Organizing and 
controlling flow and execution of user programs; (3) Initiating EU 10122 operatlor^; (4) Performing 
arithmetic and logic operations on data; (5) Controlling transfer of data from FU 10120 and EU 10122 to 
MEM 10112; and, (6) Maintaining certain stack register mechanisms. Among these stack and register 

45 rrrechanisnns are Name Cache (NC) 10226, Address Translation Cache (ATC) 10228, Protection Cache (PC) 
10234, Architectural Base Registers (ABRs) 10364, Micro-Control Registers (mCRs) 10366, Micro-Stack 
(MIS) 10368, Monitor Stack (MOS) 10370 of General Register File (GRF) 10354, Micro-Stack Pointer Register 
Mechanism (MISPR) 10356, and Retum Control Word Stack (RC\A/S) 10358. In addition to maintaining these 
FU 10120 resident stack and register mechanisms, FU 10120 generates and maintains, in whole or part, 

so certain MEM 10112 resident data structures. Among these MEM 10112 resident data structures are Memory 
Hash Table (MHT) 10716 and Memory Franne Table (MFT) 10718, Woricing Set Matrix (WSM) 10720, Virtual 
Memory Management Request Queue (VMMRQ) 10721, Acdve Object Table (AOT) 10712, Active Subject 
Table (AST) 10914, and Virtual processor State Blocks (VPSBs) 10218. In addition, a primary function of FU 
10120 is the generation and manipulation of logical descriptors which, as previously descrit>ed, are the 

55 basis of CS 10110's internal addressing structure. As will be described further below, while FU 10120's 
internal structure and operation allows FU 10120 to execute arithmetic and logic operations, FU 10120's 
structure includes certain features to expedite generation and manipulation of logical descriptors. 

Referring to Rg. 202; a partial block diagram of FU 1 01 20 is shown. To enhance clarity of presentation, 
certain interconnections within FU 10120, and between FU 10120 and EU 10122 and MEM 10112 are not 

61? shown by fine connections but, as descrifc>ed further below, are othenwise indicated, such as by common 
signal names. Major functional elements of FU 10120 include Descriptor Processor (DESP) 20210, MEM 
10112 Interface Logic (MEMlNT) 20212, and Fetch Unit Control Logic (FUCTU 20214, DSP 20210 is, in 
general, an arithmetic and logic unit for generating and manipulating entries for MEM 10112 and FU 10120 
resident stack mechanisms and caches, as described above, and, in particular, for generation and 

GS manipulation of logical descriptors. In addition, as stated above, DSP 20210 is a general purpose Central 
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Processor Unit (CPU) capable of performing certain arithmetic and logic functions. 

DESP 20210 includes AON Processor (AONP) 20216, Offset Processor {OFFP) 20218, Length Processor 
(LENP) 20220, OFFP 20218 comprises a general, 32 bit CPU with additional structure to optimize generation 
and manipulation of offset fields of logical descriptors. AONP 20216 and LENP 20220 comprise, 

^ respectively, processors for generation and manipulation of AON and length fields of logical descriptors 
and may be used in conjuction with OFFP 20218 for execution of certain arithmetic and logical operations. 
DESP 20210 includes GRF 10354, which in turn include Global Registers {GRs) 10360 and Stack Registers 
(SRs) 10362. As previously described, GR's 10360 includes ABRs 10364 and mCRs 10366 while SRs 10362 
includes MIS 10368 and MOS 10370. 

^0 MEMINT 20212 comprises FU 1O120's interface to MEM 10112 for providing Physical Descriptors 
(physical addresses} to MEM 10112 to read SINs and data from and write data to MEM 10112, MEMINT 
20212 indudes, among other logic drcuitry, MC 10226, ATC 10228, and PC 10234. 

FUCTL 20214 controls fetching of SINs and data from MEM 10112 and provides sequences of 
microinstructions for control of FU 10120 and EU 10122 in response to SOPs. FUCTL 20214 provides Name 
inputs to MC 10226 for subsequent fetching of corresponding data from MEM 10112, FUCTL 20214 
includes, in part, MISPR 10356, ROWS 10358, Fetch Unit S-lnterpreter Dispatch Table (FUSDT) 11010. and 
Fetch Unit S-lnterpreter Table <FUSITT} 11012. 

Having described the overall structure of FU 10120, In particular with regard to previous descriptions in 
Chapter 1 of diis description, DESP 20210, MEMINT 20212, and FUCTL 20214 will be described in further 

2^ detail below, and in that order. 

1. Description Processor 20210 (Rgs. 202, 101, 103, 104, 238, 239) 

As described above, DESP 20210 comprises a 32 bit CPU for performing all usual arithmetic and logic 
operations on data. In addition, a primary function of DESP 20210 is generation and manipulation of entries 

2S for, for example. Name Tables (NTs) 10350, ATC 10228, and PC 1 0234, and generation and manipulation of 
logical descriptors. As previously described, with reference to CS 10110 addressing structure, logical 
descriptors are logical addresses, or pointers, to data stored in MEM 10112. Logical descriptors are used, 
for example, as architectural base pointers or microcontrol pointers in ABRs 10364 and mCRs 10366 as 
shown in Bg. 103, or as linkage and local pointers of Procedure Frames 10412 as shown in Rg. 104. In a 

so further example, logical descriptors generated by DESP 20210 and corresponding to certain operand 
Names are stored in MC 10226, where they are subsequently accessed by those Names appearing in SINs 
fetched from MEM 10112 to provide rapid translation between operand Names and corresponding logical 
descriptors. 

As has been previously discussed with reference to CS 10110 addressing structure, logical descriptors 
3S provided to ATU 10228, from DESP 20210 or NC 10226, are translated by ATU 10228 to physical descriptors 
which are actual phydcal addresses of corresponding data stored in MEM 101 12. That data subsequently is 
provided to JP 10114, and in particular to FU 10120 or EU 10122, through MOD Bus 10144, 

As has been previously discussed with reference to MEM 101 12, each data read to JP 10114 from MEM 
101 12 may contain up to 32 bits of information. If a particular data item referenced by a logical descriptor 
^ contains more than 32 bits of data, DESP 2021 0 will, as described further below, generate successive logical 
descriptors, each logical descriptor referring to 32 bits or less of information, until the entire data item has 
been read from MEM 101 12. In this regard, it should be noted that NC 10226 may contain logical descriptors 
only for data items of 255 bits or less in length. All requests to MEM 101 12 for data hems greater than 32 
bits in length are generated by DESP 20210. Most of data items operated on by CS 101 10 will, however, be 
45 32 Wts or less in length so that NC 10226 is capable of handling nriost operand Names to logical descriptor 
translations. 

As described above, DESP 20210 includes AONP 20216, OFFP 20218, and LENP 20220. OFFP 20218 
comprises a general purpose 32 bit CPU with additional logic circuitry for generating and manipulating 
table and cache entries, as described above, and for generating and manipulating offset fields of AON 

50 pointers and logical descriptors. AONP 20216 and LENP 20220 comprise logic circuitry for generating and 
manipulating, r^pectWely, AON and length fields of AON pointers and logical descriptors. As indicated in 
Fig. 202, GRF 10354 is vertically divided in three parts. A first part reddes in ANOP 20216 and, in additon to 
random data, contains AON fields of logical descriptors. Second and third parts reside, respectively, in 
OFFP 20218 and LENP 20220 and, in addition to containing random data, respectively contain offset and 

» length fields of logical descriptors. AON, Offset and length portions of GRF 10354 residing respectively in 
AONP 20216, OFFP 20218, and LENP 20220 arc designated, respectively, as AONGRF, OFFGRF, and 
LENGRF. AONGRF portion of GRF 10354 is 28 bits wide while OFFGRF and LENGRF portions of GRF 10354 
are 32 bits in vwdth. Although shown as divided vertically into three parts, GRF 10354 is addressed and 
operates as a unitary structure. That is, a particular address provided to GRF 10354 will address 

so con-esponding horizontal segments of each of GRF 10354's three sections residing in AONP 20216, OFFP 
20218, and LENP 20220. 

a. Offset Processor 20218 Structure 

Referring first to OFFP 20218, in addition to being a 32 bit CPU and generating and manipulating table 
65 and cache entries and offset fields of AON pointers and logical descriptors, OFFP 20218 is DESP 20210's 



EP 0 067 556 B1 



primary path for receiving data from and transferring data to MEM 101 12. OFFP 20218 includes Offset Input 
Select Multiplexer <OFFSEL) 20238, OFFGRF 20234, Offset Multiplexer Logic (OFFMUX) 20240, Offset ALU 
(OFFALU) 20242, and Offset ALU A Inputs Muttiplexer {OFFALUSA) 20244. 

OFFSEL 20238 has first and second 32 bft data inputs connected from, respectively, MOD Bus 10144 
and JPD Bus 10142. OFFSEL 20238 has a thinJ 32 bit data input connected from a first output of OFFALU 
20242, a fourth 28 bit data input connected from a fi rst output of AONGRF 20232, and a fifth 32 bit data input 
connected from OFFSET Bus 20228. OFFSEL 20238 has a first 32 b'rt output connected to input of OFFGRF 
20234 end a second 32 bit output connected to a first input of OFFMUX 20240. OFFMUX 20240 has second 
and third 32 bit data inputs connected from, respectively, MOD Bus 10144 and JPD Bus 10142. OFFMUX 
20240 also has a fourth 5 bit data input connected from Bias Logic (BIAS) 20246 and LENP 20220, described 
further below, and fifth 16 bit data input connected from NAME Bus 20224. Thirty-two bit data output of 
OFFGRF 20234 and first 32 bit data output of OFFMUX 20240 are connected to, respectively, first and 
second data inputs of OFFALUSA 20244. A first 32 bit data output of OFFALUSA 20244 and a second 32 bit 
data output of OFFMUX 20240 are connected, respectively, to first and second data inputs of OFFALU 
20242. A second 32 bit data output of OITALUSA 20244 is connected to OFFSET Bus 20228. A first 32 bit 
data output of OFFALU 20242 is connected to JPD Bus 10142, to a first input of AON Input Select 
Multiplexer <AONSEL) 20248 and AONP 2021 6, and, as described above, to a third input of OFFSEL A 
second 32 bit data output of OFFALU 20242 is connected to OFFSET Bus 20228 and third 16 bit output is 
connected to NAME Bus 20224, 

b. AON Processor 20216 Structure 

Referring to AONP 20216, a prinfiary function of AONP 20216 Is that of containing AON fields of AON 
pointers and logical descriptors. In addition, those portions of AONGRF 20232 not otherwise occupied by 
AOhi pointers and logical descriptors may be used as a 28 bit wide general register area by JP 1 01 14. These 
portioris of AONGRF 202^ may be so used either alone or in conjunction with corresponding portions of 
OFFGRF 20234 and LENGRF 2023& AONP 20216 includes AONSEL 20248 and AONGRF 20232. As 
previously described, a first 32 bit data input AONSEL 20248 is connected from a first data output of 
OFFALU 20242. A second 28 bit data input of AONSEL 20248 is connected from 28 bit output of AONGRF 
20232 and from AON Bus 20230. A third 28 bit data input of AONSEL 20248 is connected from logic zero, 
that is a 28 bit input wherein each input bit is set to logic zero. Twenty-eight bit data output of AONSEL 
20248 is connected to data input of AONGRF 20232. As just described, 28 bit data output of AONGRF 20232 
is connected to second data input of AONSEL 20248. and is connected to AON Bus 202^. 

c Length Processor 20220 Structure 

Refen-ing finally to LENP 20220, a primary function of LENP 20220 is the generation manipulation of 
length fields of AON pointers and physical descriptors. In addition, LENGRF 20236 may be used, in part, 
either alone or in conjunction with corresponding address spaces of AONGRF 20232 and OFFGRF 20234, as 
general registers for storage of data. LENP 20220 includes Length Input Select Multiplexer (LENSEL) 20^, 
LENGRF 202^, ^AS 20246, and Length ALU (LENALU) 20252. LEN^L 20250 has first and second data 
inputs connected from, respectively, LENGTH Bus 20226 and OFFSET Bus 20228. LENGTH Bus 20226 is 
eight data bits, zero filled while OFFSET Bus 20228 is 32 data bits. LENSEL 20250 has a third 32 bit data 
input connected from data output of LENALU 20252. Thirty-two bit data output of LENSEL 20250 is 
connect^ to data input of LENGRF 20236 and to a first data input of BIAS 20246. Second and third 32 bit 
data inputs of BIAS 20246 are connected from, respectively. Constant (C) and Literal (L) outputs of FUSITT 
1 1012 as wfll be described further below. Thirty-two bits data output of LENGRF 20236 is connected to JPD 
Bus 10142, to Write Length input (WL) input of NC 10226, and to a fir^ input of LENALU 20252. Five bit 
CHitput of BIAS 20246 is connected to a second input of LENALU 20^2, to LENGTH Bus 20226. and, as 
previously described, to a fourth input of OFFMUX 20240. Thirty-two bit ou^ut of LENALU 20252 is 
connected, as stated above, to third input of LENSEL 20250. 

Having described the overall operation and the structure of DESP 20210, operation of DESP 20210 will 
be described next below in further detail. 

d. Descriptor Processor 20210 Operation 
a^. Offset Selector 20238 

Referring to OFFP 20218. GRF 10354 includes GR's 10360 and SR's 10362. GR's 10360 in turn contain 
ABR's 10^, mCR's 10366, and a set of general registers. SR's 10362 include MIS 10368 and MOS 10370. 
GRF 10354 is vertically dwided into three parts. AONGRF 20232 is 28 bits wide and resides in AONP 20216, 
LENGRF 10354 is 32 bits wide and resides in LENP 20220, and OFFGRF 20234 is 32 bits wide and resides in 
OFFP 20218. AONGRF 20232, OFFGRF 20234, and LENGRF 20236 may be comprised of Fairchild 93422s. 

In addition to storing offset fields of AON pointers and logical descriptors, those portions of OFFGRF 
20234 not reserved for ABR's 10365, mCR's 10366, and SR's 10362 may be used as general registers, alone 
or in conjunction with corresponding portions AONGRF 20232 and LENGRF 20236, when OFFP 20218 is 
being utilized as a general purpose, 32 bit CPU. OFFGRF 20234 as will be described further below, is 
addressed in parallel with AONGRF 20232 and LENGRF 20236 by address inputs provided from FUCTL 
20214. 
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OFFSEL 20238 is a muftiplexer, comprised for example of SN74S244s and SN74S257s, for selecting 
data inputs to be written Into selected address locations of OFFGRF 20234. OFFSEL 20238*s first data input 
is from MOD Bus 10144 and is the primary path for data transfer between MEM 101 12 and DESF 20210. As 
previously described, each data read from MEM 10112 to JP 10114 is a single 32 bit word where between 
one and 32 bits may contain actual data. If a data item to be read from MEM 10112 contains more than 32 
bits of data, success've read operations are perfomned until the entire data item has been transferred. 

OFFSEL 20238*3 second data input is from JPD Bus 10142, As will be described further below, JPD Bus 
10142 is a data transfer path by which data outputs of FU 10120 and EU 10122 are written into MEM 101 12. 
OFFSEL 20238'6 input of JPD Bus 10142 thereby provides a wrap around path by which data present at 
outputs of FU 10120 or EU 10122 may be transferred back into DESP 20210 for further use. For example, as 
previously stated a first output of OFFALU 20242 is connected to JPD Bus 10142, thereby allowing data 
output of OFFP 20218 to be returned to OFF? 20218 for further processing, or to be transferred to AONP 
20216 or L£NP 20220 as will be described further below. In addition, output of LENGRF 20236 is also 
connected to JPD Bus 10142 so that length fi^ds of AON pointers or phyacal descriptors, or data, may be 
read from LENGRF 20236 to OFFP 20218, This path may be used, for example, when LENGRF 20236 is being 
used as a general purpose register for storing data or intermediate results of arithmetic or logical 
operations. 

OFFSEL 20238's third input Is provided from OFFALU 20242's output This data path thereby provides a 
wrap around path whereby offset fields or data residing in OFFGRF 20234 may be operated on and returned 
to OFFGRF 20234, either in the same address location as originally read from or to a different address 
location. OFFP 20218 wrap around path from OFFALU 20242's output to OFFSEL 20238's third Input, and 
thus to OFFGRF 20234, may be utilized, for example, in ^^eading from MEM 10112 a data item containing 
more dian 32 bits of data. As previously described, each read operation fnam MEM 101 12 to JP 101 14 is of a 
32 bit word wherein between one and 32 bits may contain actual data. Transfer of a data word containing 
more than 32 bits is accomplished by performing a succession of read operatioros from MEM 10112 to JP 
10114^ For example, if a requested data Item contains 70 bits of data, that data item wn'll be transferred in 
three consecutive read operations. Rrst and second read operations will each transfer 32 bits of data, and 
final read operation vwll transfer the remaining 6 bits of data. To read a data item of greater than 32 bits 
from MEM 10112 therefore, DESP 20210 must generate a sequence of logical descriptors, each defining a 
successwe 32 bit segment of that data item. Rnal logical descriptor of the sequence may define a segment 
of less than 32 bits, for example, ax fcwts as in the example just stated. In each successive physical 
descriptor, offset field must be incremented by value of length field of the preceding physical descriptor to 
define starting addresses of succ^sive data items segments to be transferred. Length field of succeeding 
physical desaiptors will, in general, remain constant at 32 l>its except for final transfer which may be less 
than 32 bits. Offset field will thereby usually be incremented by 32 bits at each transfer until final transfer. 
OFFP 20218's wrap around date patfi from OFFALU 20242's output to th«r input of OFFSEL 20238 may, as 
stated above, be utilized in such sequential data transfer operations to write incremented or decremented 
offset field of a current physical descriptor back imo OFFGRF 20234 to offset field of a next succeeding 
physical descriptor. 

In a further example, OFFP 20218's wrap around path from OFFALU 20242's output to third input of 
OFFSEL 20238 may be used in resolving Emries in Name Tables 10350, that is Name resolutions. In Name 
resolutions, as previously described, of^et fields of AON pointers, for example Linkage Pointers 10416, are 
successively added and subtracted to provide a final AON pointer to a desired data item. 

OFFSEL 20238's fourth input, from AONGRF 20232's output, may be used to transfer data or AON fields 
from AONGRF 20232 to OFFGRF 20234 or OFFMUX 20240. This data path may be used, for example, when 
OFFP 20218 is used to generate AON fields of AON pointers or phy^cal d^criptors or when performing 
Name evaluations. 

Rnally, OFFSEL 20238's fifth data input from OFFSET Bus 20228 allows offset fields on OFFSET Bus 
20228 to be written into OFFGRF 20234 or transferred into OFFMUX 20240. This data path may be used, for 
example, to copy offset fields to OFFGRF 20234 when JP 10114 is performing a Name evaluation. 

Referring now to OFFMUX 20240, OFFMUX 20240 includes logic circuitry for manipulating individual 
bits of 32 bit words. OFFMUX 20240 may be used, for example, to increment and decrement offset fields by 
length fields v4ien performing string transfers, and to generate entries for, for example, MKT 10716 and 
MFT 10718. OFFMUX 20240 may also be used to aid in generating and manipulating AON, OFFSET, and 
LENGTH fields of physical descriptors and AON pointers. 

b.b. Offset Multiplexer 20240 Detailed Structure (Fig. 238) 
Referring to Rg. 238, a more detailed, partial block diagram of OFFMUX 20240 is shown. OFFMUX 
20240 includes Offset Multiplexer Input Selector (OFFMUXIS) 23810, which for example may be comprised 
of SN74S373S and SN74S244s and Offset Multiplexer Register (OFFMUXR) 23812, which for example may 
be comprised of SN74S374s. OFFMUX 20240 also Includes Reld Extraction Circuit (FEXT) 23814, which 
may for example be comprised of SN74S257s, and Offset Multiplexer Field Selector (OFFMUXFS) 23816, 
which for example may be comprised of SN74S2575 and SN74S374s. Rnally, OFFMUX 20240 includes 
Offset Scaler (OFFSCALE) 23818, which may for example be comprised of AMD 25S10s, Offset Inter- 
element Spacing Encoder (OFRESENC) 23820, virfiich may for example be comprised of Fairchild 93427s 
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and Offset Multiplexer Output Selector (OFFMUXOS) 23822, whicfi may for example be comprised of AMD 
Fairchild 93427s, and SN74S244S, 
Referring first to OFFMUX 20240's connections to other portions of OFFP 20218, OFFMUX 2024O's first 
data Input, from OFFSEL 20238, is connected to a first input of OFFMUXIS 238ia OFFMUX 20240's second 

5 input from MOD Bus 10144, is connected to a second input of OFFMUXIS 23810. OFFMUX 2O240's third 
input, from JPD Bus 10142, is connected to a first input of OFFMUXFS 23816 while OFFMUX 20240's fourth 
input from BIAS 20246, is connected to a first input of OFFiyiUXOS 23822, OFFMUX 20240's fifth input, 
from NAME Bus 20224, is connected to a second input of OFFMU)a=S 23816. OFFMUX 20240's first output, 
to OFFALUSA 20244, is connected from output of OFFMUXR 23812 while OFFMUX 20240's second output 

10, to OFFALU 2024Z Is connected from output of OFRWUXOS 23822. 

Referring to OFFMUX 20240's intemal connections, 32 bit output of OFFMUXIS 23810 is connected to 
input OFFMUXR 2^12 and 32 bit output of OFFMU)0^ 23812 is connected, as described above, as first 
output of OFFMUX 20240, and as a third input of OFFMUXFS 23816, Thirty-two bit output of OFFMUXR 
23812 is also connected to input of FEXT 23814. OFFMUXFS 23816*8 first second and third inputs are 
connected as described above. A fourth input of OFFMUXFS 23816 is a 32 bit input wherein 31 bits are set 
to logic zero and 1 bit to logic 1 . A fifth input is a 32 bh input wherein 31 bits are set to logic 1 and 1 to logic 
0. A sbcth input of OFFMUXFS 23816 is a 32 bit literal (U input provided from FUSITT 11012 and is a 32 bit 
binary number comprising a part of a microinstruction FUCTL 20214, described below. OFFMUXFS 2381 6's 
seventh and eighth input are connected from FEXT 23814. Input 7 comprises RU and TYPE fields of Name 

20 Table Entries vrtiich have been read into OFFMUXR 23812. Input 8 is a general purpose Input conveying bits 
extracted from a 32 bit word captured in OFFMUXR 23812. As indicated in Rg. 238, OFFMUXFS 23816*5 
first third, fourth, fifth, and sixth inputs are each 32 bit inputs which are divided to provide two 1 6 bit inputs 
each. That Is, each of these 32 bit inputs is divided into a first Input comprising bit 0 to 1 S of that 32 bit input 
and a second input comprising bits 16 to 31. 

2S Thirty-two bit output of OFFMUXFS 23816 is connected to inpute of OFFSCALE 23818 and OFFIESENC 

23820. As indicated in Fig. 238, Reld Select Output (FSO) of OFFMUXFS 23816 is a 32 bit word divided Into a 
first word including 0 to 15 and a second word including bits 16 to 31. Output FSO of OFFMUXFS 23816* as 
wilt be described further below, thereby nefiects ^e divided structure of OFFMUXFS 2381 6's first third, 
fourtfi, fifth, and sixth inputs. 

30 Logical functions performed by OFFMUXFS 23816 in generating output FSO, and which will be 

describe In further detail In following descriptions. Include: 

(1) Passing the contents of OFFMUXR 23812 directly through OFFMUXFS 23816; 

(2) Passing a 32 bit word on JPD Bus 10142 directly through OFFMUXFS 23816: 

{3) Passing a literal value comprising a part of a microinstruction from FUCTL 20214 directly through 
3S OFFMUXf^ 23816; 

(4) Forcing FSO to be literal values 0000 0000; 
{5) Forcing FSO to be fiteral value 0000 001 ; 

(6) Extracting Name Table Entry fields; 

(7) Accepting a 32 bit word from OFFMUXR 23812 or JPD Bus 10142, or 32 bits of a microinstruction 
40 from FUCTL 20214, and passing the lower 16 bits while forcing the upper 16 bits to logic 0; 

(8) Accepting a 32 bit word from OFFMUXR 2381 2 or JPD Bus 10142, or 32 bits of miroinstruction from 
FUCTL 20214, and passing the higher 16 bits while forcing the lower 16 t>its to logic 0; 

(9) Accepting a 32 bit word from OFFMUXR 23812, or JPD Bus 10142, or Name Bus 20224, or 32 bits of a 
microinstruction ftx>m FUCTL 20214, and passing the lower 1 6 bits while sign extending bit 16 to the upper 

45 16 bits; and, 

(10) Accepting a 32 bit word from Name Bus 20224 and passing the lowest 8 bits while sign extending 
bit 24 to the highest 24 bits. 

Thirty-two bit output of OFFSCALE 23B18 and 3 bit output of OFFIESENC 23820 are connected, 
respectively, to second and third inputs of OFFMUXOS 23822. OFFMUXOS 23822's first Input is, as 
so described above, OFFMUX 20240's fourth input and is connected from output BIAS 20246. Rnally, 
OFFMUXOS 23822's 32 bit output 0FR\4UX (0—31) is OFFMUX 20240's second output and as previously 
deso'ibed as connected to a second input of OFFALU 20242* 

C.C. Offset Multiplexer 20240 Detailed Operation 
65 a.a.a Intemal Operation 

Having described the structure of OFFMUX 20240 as shown in Rg. 238, operation of OFFMUX 20240 
will be described below. Intemal operation of OFFMUX 20240, as shown In Rg, 238, will be described first, 
followed by description of OFFMUX 20240's operation with regard to DESP 20210. 

Referring first to OFFMUXR 23812, OFFMUXR 23812 is a 32 bit register receiving either a 32 bit word 
60 from MOD Bus 10144, MOD (0—31), or a 32 bit word received from OFFSEL 20238, OFFSEL (0—31), and Is 
selected by OFFMUXIS 23810. OFFMUXR 23812 in turn provides those selected 32 bit words from MOD Bus 
10144 or OFFSEL 20238 as OFFMUX 20240's first data output to OFFALUSA 20244, as FEXT 23814's input, 
and as OFFMUXFS 23816's third input OFFMUXR 23812's 32 bit output to OFFMUXFS 23816 is provided as 
two parallel 16 bit words designated as OFFMUXR output (OFFMUXRO) (0—15) and (16—31). As described 
^ above, OFFMUXFS 23816's output to OFFALUSA 20244 from OFTMUXR 23812 may be right shifted 16 
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places and the highest 16 bits zero filled. 

FEXT 23814 receives OFFMUXRO (0—15) and {16—31) from OFFMUXR 23812 and extracts certain 
fields from those 16 bit words. In particular, FEXT 23814 extracts HU and TYPE fields from r4T 1 0350 Entries 
which have been transferred into OFFMUXR 23812. FEXT 23814 may then provide those RU and TYPE 
^ fields as OFFMUXFS 23816's seventh input FEXT 23814 may, selectively, extract certain other fields from 
32 bit words residing in OFFMUXR 23812 and provide those fields as OFFMUXFS 23816's eighth Input 

OFFMUXFS 23816 operates as a multiplexer to select certain fields from OFFMUXFS 23816's eight 
Inputs and provide corresponding 32 bit output words. Field Select Output (FSO), comprised of those 
selected fields from OFFMUXFS 23816'b inputs. As previously described, FSO is comprised of 2, parallel 16 
bit words, FSO (0—15) and FSO (16—31). Correspondingly, OFFMUX 20240's third input, from JPD Bus 
1 0142, is a 32 bft input presented as two 16 bit words, JPD (0—15) and JPD (16-^1). Similarly, OFFMUXFS 
23816's fourth, fifth, and ^xth inputs are each presented as 32 brt words comprised of 2, parallel 16 bit 
words, respectively, "0" (0-15) and (16—31), "1" (0—15) and (1^-31), and L (0—15) and <16-31). 
OFFMUXFS 23816's second input, from NAME Bus 20224, is presented as a single 16 bh word, NAME 
ts (16—31), while OFFMUXFS 23816's inputs from FEXT 23814 are each less than 16 bits in vyrfdth. OFFMUXFS 
23816 may, for a single 32 bit output word, sele<^ FSO (0-1 5) to contain one of corresponding 1 6 bit inputs 
JPD (0—15), "0" (0—15), "1" (0—15), or L (0—15). Similarly, FSO (16—31) of that 32 bit output word may be 
selected to contain one of NAME (16-^1), JPD (16—31), O (16—31), 1 (16—31), L (16—31), or inputs 7 and 8 
from FEXT 23814. OFFMUXFS 2^16 therefore allows 32 bit words, comprised of two 16 bit fields, to be 
^ generated from selected portions of OFFMUXFS 23816's inputs. 

OFFMUXFS 23816 32 bit output is provided as inputs to 0FFSC:AL£ 23818 and OFFIESENC 23820. 
Referring first to OFFIESENC 23820, OFFIESENC 23820 is used, in particular, in resohring, or evaluating, NT 
10350 Entries (NTEs) referring to arrays of data words. As indicted in Rg. 108, word D of an NTE contains 
certain information relating to inter-element spacing (lES) of data words of an array. Word D of an NTE may 
25 be read from MEM 10112 to MOD Bus 10144 and through OFFMUX 20240 to input of OFFIESENC 23820. 
OFRESENC 23820 then examines word D's lES field to determine whether inter-element spacing of that 
array is a binary multiple, that is 1, 2, 4, 8, 16, 32, or 64 bits. In particular, OFFIESENC 23820 determines 
whether 32 bit word D contains logic zeros in the most significant 25 bits and a ^ngie logic one in the least 
significant 7 bits. If inter-element spacing is such a binary multiple, starting addresses of data words of that 
30 array may be determined by left shifting of index (lES) to obtain offset fields of physical addresses of vwrds 
in the array and a slower and more complex multiplication operation is not required. In such cases, 
OFFIESENC generates a first output, lES Encodeable (lESENC) to FUCTL 20214 to indicate that inter- 
element spacing may be determined by simple left shifting. OFRESENC 23820 then generate encoded 
output. Encoded iES (ENCIES), to OFFMUXOS 23822. ENCIES is then a coded value specifying the amount 
^ of left shift necessary to translate index (IES) value into offsets of words in that array. As indicated in Rg. 
238, ENDES is OFFMUXOS 23822's third input 

OFFSCALE 23818 is a left shift shift network with zero fill of least significant bits, as bits are left shifted. 
Amount of shift by OFFSCALE 23818 is selectable between ^ro and 7 bits. Thirty-two bit words transferred 
into OFFSCALE 23818 from OFFSCALE 23818 from OFFMUXFS 23816 may therefore be left shifted, bh by 
^ bit, to selectively reposition bits within that 32 bit input word. In conjunction with OFFMUXFS 23816, and a 
wrap around connection provided by OFFALU 20242's output to OFFSEL 20238, OFFSCALE 23818 may be 
used to generate and manipulate, for example, entries for MHT 10716, MFT 10718, AOT 10712, and AST 
10914, and other CS 10110 data structures. 

OFFMUXOS 23822 is a multiplexer having first second, and third inputs from, respectively, BIAS 
^ 20246, OFFSCALE 23818, OFRESENC 23820. OFFMUXOS 23822 may select any one of these inputs as 
OFFMUX 20240's second output, OFFMUX (0—31). As previously described, OFFMUX 20240's second 
output is connected to a second input of OFFALU 20242. 

Having described internal of OFFMUX 20240, operation of OFFMUX 20240 with regard to overall 
operation of DESP 20210 will be described next below. 

50 

b.b.b. Operation Relative to Descriptor Processor 20210 
OFFMUX 20240's first input, from OFFSEL 20238, allows inputs to OFFSEL to be transferred through 
OFFMUXIS 23810 and Into OFFMUXR 23812. This input aliov*« OFFMUXR 23812 to be loaded, under 
conuol of FUCTL 20214 microinstructions, witii any input of OFFSEL 20238. In a particular example, 

55 OFFALU 20242's output may be fed bade through OFFSEL 20238's third input and OFFMUX 20240's first 
input to allow OFFMUX 20240 and OFFALU 20242 to perfomi reiterative operations on a single 32 bit word. 

OFFMUX 20240's second input, from MOD Bus 10144, allows OFFMUXR 23812 to be loaded directiy 
from MOD Bus 10144. For example, NTEs from a cunrentiy active procedure may be loaded into OFFMUXR 
2^2 to t>e operated upon as described above. In addition, OFFMUX 20240's second input may be used in 

€0 conjunction with OFFSEL 20238's first input from MOD Bus 10144, as parallel input paths to OFF? 20218. 
These parallel input paths allow pipelining of OFFP 20218 operations by allowing OFFSEL 20238 and 
OFFGRF 20234 to operate independentiy from OFFMUX 20240. For example, FU 10120 may initiate a read 
operation from MEM 10112 to OFFMUXR 23812 during a first microinstruction. The data so requested will 
appear on MOD Bus 10144 during a second microinstruction and may be loaded into OFFMUXR 23812 

fis through OFFMUX 20240's second input from MOD Bus 10144. Concurrentiy, FU 10120 may initiate, at start 
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of second microtastruction, an independent operation to be performed by OFFSEL 20238 and OFFGRF ' 
20234, for example loading output of OFFALU 20242 into OFFGRF 20234. Therefore, by providing an 
independent path into OFFMUX 20240 from MOD Bus 10144, OR=SEL 20238 Is free to perform other, 
concurrent data transfer operations while a data transfer from MOD Bus 10144 to OFFMUX 20240 is being 
° performed. 

OFFMUX 20240's third input from JPD Bus 10142, is a general purpose data transfer path- For 
example, data from LENGRF 20236 or OFFALU 20242 may be transferred into OFFMUX 20240 through JPD 
Bus 10142 and OFFMUX 2024O's thind input 

OFFMUX 20240's fourth input Is connected from BIAS 20246 and primarily used during string transfers 
as described above. That is, length fields of physical descriptors generated for a string transfer may be 
transferred into OFFMUX 20240 through OFFMUX 20240's fourth Input to increment or decrement offset 
fields of those physical descriptors in OFFALU 20242. 

OFFMUX 20240's fifth input is conneiSed from NAME Bus 20224, As will be described further below, 
Names are provided to NC 10226 by FUCTL 20214 to call, from MC 10226, logical descriptors corresponding 
to Names appearing on MOD Bus 10144 as part of sequences of SINs. 

As each Name is presented to NC 10226, that Name is transferred into and captured in Name Trap (NT) 
20254. Upon occurrence of an NC 10226 miss, that is NC 10226 does not contain an entry corresponding to 
a particular Name, that Name is subsequently transferred from NT 20254 to OFFMUX 20240 through NAME 
Bus 20224 and OFFMUX 20240's frfth input. That Name, which is previously described as an 8, 12, or 16 bit 
binary number, may then be scaled, that is multiplied fay a NTE size. That scaled Name may then be added 
to Name Table Pointer (NTPl from mCRs 10366 to obtain the address of a corresponding NTE in an NT 
10350. In addition, a Name resulting in a NC 10226 miss, or a page fault in the corresponding NT 10350, or 
requiring a sequence of Name resoh/es, may be transferred into OFFGRF ^234 from OFFMUX 20240, 
through OFFALU 20242 and OFFSEL 20238 third input That Name may subsequently be read, or restored, 

^ from OFFGRF 20234 as required. 

Referring now to outputs of OFFMUX 20240, OFFMUX 20240'6 first output from OFFMUXR 23812, 
allows contents of OFFMUXR 23812 to be transferred to first input of OFFALU 20242 through OFFALUSA 
20244. OFFMUX 20240's second output, from OFFMUXOS 23822, is provided directly to second input of 
OFFALU 20242. OFFALU 20242 may be concurrently provided with a first input from OFFMUXR 23812 and a 

30 second input for example a manipulated offset field, from OFFMUXOS 23822. 

Refen-ing to OFFALUSA 20244, OFFALUSA 20244 is a multiplexer. OFFALUSA 20244 may select either 
output of OFFGRF 20234 or first output of OFFMUX 20240 to be either first input of OFFALU 20242 or to be 
OFR» 20218's outputto OFFSET Bus 20228. For example, an offset field from OFFGRF 20234 may be read to 
OFFSET Bus 20228 to comprise offset field of a cun-ent logical descriptor, and concurrently read Into 

35 OFFALU 20242 to be incremented or decremented to generate offset field of a subsequent logical 
descriptor in a string transfer. 

OFFALU 20242 Is a general purpose, 32 bit arithmetic and logic unit capable of performing all usual 
ALU operations. For example, OFFALU 20242 may add, subtract increment, or decrennent offset fields of 
logical descriptors. In addition, OFFALU 20242 may serve as a transfer path for data, that is OFFALU 20242 

^ may transfer input data to OFFALU 20242's outputs without operating upon that data. OFFALU 20242's firet 
output as described above, is connected to JPD Bus 10142, to third input of OFFSEL 20238, and to first 
input of AONSEL 20248. Data transferred or manipulated by OFFALU 20242 may therefore be transferred 
on to JPD Bus 10142, or wrapped around into OFFP 20218 through OFFSEL 20238 for subsequent or 
reiterative operations. OFFALU 20242's output to AONSEL 20248 may be used, for example, to load AON 

45 fields of AON pointers or physical descriptors generated by OFFP 20218 into AONGRF 20232. In addition, 
this data path allows FU 10120 to utilize AONGRF 20232 as, for example, a buffer or temporary memory 
space for intermediate or final results of FU 10120 operations. 

OFFALU 20242's output to OFFSET Bus 20228 allows logical descriptor offs^ fields to be transferred 
onto OFFSET Bus 20228 directly from OFFALU 20242. For example, a logical descriptor offset field may be 

so generated by OFFALU 20242 during a first clock cyde, and fransferred immediately onto OFFSET Bus 20228 
during a second clock cycle. 

OFFALU 20242*6 thini output is to NAME Bus 20224. As will be described further below, NAME Bus 
20224 is address input (ADR) to NC 10226. OFFALU 20242's output to NAME Bus 20224 thereby allows 
OFFP 20218 to generate or provide addresses, that is Names, to NC 10226. 

ss Hsmng described operation of OFFP 20218, operation of LENP 20220 will be described next below. 

e. Length Processor 20220 (Rg. 239) 

Referring to Rg. 202, a primary function of LENP 20220 is generation and manipulation of logical 
descriptor length fields, including length fields of logical descriptors generated in string transfers. LENP 
60 20220 includes t£NGRF 20236, LENSEL 20250, BIAS 20246, and LENALU 20252. LENGRF 20236 may be 
compri^ for example, of Fairohild 93422s. LENSEL 2O250 may be comprised of, for example, SN74S257s, 
SN74S157S, and SN74S244S, and LENALU 20252 may be comprised of, for example, SN74S381s. 

As previously described, LENGRF 20236 is a 32 bit wide vertical section of GRF 10354. LENGRF 20236 
operates in parallel with OFFGRF 20234 and AONGRF 20232 and contains, in part length fields of logical 
65 descriptors. In addition, also as previously described, LENGRF 20236 may contain data. 
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LENSEL 20250 is a multiplexer having three Inputs and providing outputs to LENGRF 20236 and first 
input of BIAS 20246. LENSEL 20250's first input is from Length Bus 20226 and may be used to wnte physical 
descriptor or length fields from LENGTH Bus 20226 into LENGRF 20236 or into BIAS 20246. Such length 
fields may be written from LENGTH Bus 20226 to LENGRF 20236, for example, during Name evaluation or 
s resolve operations. LENSEL 20250's second input is from OFSET Bus 20228. LENSEL 20250's second input 
may be used, for example, to load length fields generated by OFFP 20218 into LENGRF 20236. In addition, 
data operated upon by OFFP 20218 may be read into LENGRF 20236 for storage through LENSEL 20250's 
second input 

LENSEL 20250's third Input is from output of LENALU 20252 and is a wrap around path to retum output 

to of LENALU 20252 to LENGRF 20256. LENSEL 20250's third input may. for example, be used during string 
transfers when length fields of a particular logical descriptor is Incremented or decremented by LENALU 
20252 and returned to LENGRF 20236. This data path may ateo, for example, be used in moving a 32 bit 
vrord from one location in LENGRF 20236 to another location in LENGRF 20236. As stated above, LENSEL 
20250's output is also provided to first input BIAS and allows data appearing at first second, or third inputs 

15 of LENSEL 20250 to be provided to first input of BIAS 20246. 

BIAS 20246, as will be described in further detail below, generates logical descriptor length fields 
during string transfers. As described above, no more than 32 bits of data may be read from MEM 10112 
during a single read operation. A data Hem of greater than 32 bits in length must therefore be transferred In 
a series, or string, of read operations, each read operation transferring 32 bits or less of data. String transfer 

20 logical descriptor length fields generated BIAS 20246 are provided to LENGTH Bus 20226, to LENALU 20252 
second input, and to OFFMUX 20240's fourth input, as previously described. These string transfer logical 
descriptor length fields, referred to as bias fields are provided to LENGTH Bus 20226 by BIAS 20246 to be 
length fields of the series of logical descriptors generated by DESP 20210 to execute a string transfer. These 
bias fields are provided to fourtii input OFFMUX 20240 to increment or decrement offset fields of those 

25 logical descriptors^ as previously described. These bias fields are provided to second input of LENALU 
20252, during string transfers, to correspondingly decrOTcnt the length field of a data item being read to 
. MEM 10112 in a string transfer. BIAS 20246 will be described in greater detail below, after LENALU 20252 is 
first briefly described. 

30 sua. Length ALU 20252 

LENALU 20252 is a general purpose, 32 bit arithmetic and logic unit capable of executing all customary 

arithmetic and logic operations. In particular, during a string transfer of a particular data item LENALU 

20252 receives that data Items length field ft-om LENGRF 20236 and successive bias fields from BIAS 20246. 

LENALU 20252 then decrements that logical descriptor's current length field to generate length field to be 
35 used during next read operation of the string transfer, and transfers new length field back into LENGRF 

20236 through LENSEL 2a250's lhird input 

b.b. BIAS 20246 (Fig. 239} 
Referring to Rg. 239, a partial block diagram of BIAS 20246 is shown. BIAS 20246 includes Bias 

40 Memory (BIASM) 23910, Length Detector (LDET) 23912, Next Zero Detector <NXTZRG| 23914, and Select 
Bias (SBIAS) 2^16. Input of LDET 23912 is first input of BIAS 20246 and connected from output of LENSEL 
20250, Output of LDET 2391 2 Is conneaed to data input of BIASM 2391 0, and data output of BIASM 23910 is 
connected to input of NXT7R0 23914, Output of NXTZRO 23914 is connectKl to a first input of SBIAS 
23916. A second Input of SBIAS 23916 is BIAS 20246's second input, LB, and is connected from an output of 

45 FUCTL 20214. A third input of SBIAS 23916 is BIAS 20246's third input, I, and is connected from yet another 
output of FUCTL 20214. Output of SBIAS 23916 is output of BIAS 20246 and, as described above, is 
connected to LENGTH Bus 20226, to a second input of LENALU 20252, and to fourth Input of OFFMUX 
20240. 

BIASM 23910 is a 7 bit wide random access memory having a length equal to, and operating and 

so addressed in parallel with, SR's 10362 of GRF 10354. BIASM 23910 has an address location corresponding 
to each address location of SR's 10362 and is addressed concurrentiy with those address locations in SR's 
10362. BIASM 23910 may be comprised, for example, of AMD 27S03As. 

BIASM 23910 contains a bias value of each logical descriptor residing in SR's 10362. As described 
above, a bias value is a number representing number of bits to be read from MEM 101 12 in a particular read 

ss operation when a data item having a corresponding logical descriptor, with a length field stored LENGRF 
20236, is to be read from MEM 10112. Initially, bias values are written Into BIASM 2^10, in a manner 
described below, when their corresponding length fields are written into LENGRF 20236. If a particular data 
item has a length of less than 32 bits, that data item's initial bias value will represent that data items actual 
length. For example, if a data item has a length of 24 bits the associated bias value will be e 6 bit binary 

eo number representing 24. That data item's length field In LENGRF 20236 will similariy contain a length value 
of 24. if a particular Item has a length of greater than 32 bits for example, 70 bits as described in a previous 
example, that data item must be read from MEM 10112 in a string transfer operation. As previously 
described, a string transfer is a series of read operations trar^nring 32 bits at a time from MEM 10112, 
with a final transfer of 32 bits or less completing transfer of that data item. Such a data item's initial length 

^ field entry in LENGRF 20236 will contain, using the same example as previously described, a value of 70. 
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That data item's initial i^as entry written into a conresponding address space of BIASM 23910 will contain a 
bias value of 32. That initial bias value of 32 indicates that at least the first read operation required to 
transfer that data item from MEM 10112 will transfer 32 bits of data. 

When a data item having a length of less than 32 bits, for example 24 bits, is to be read from MEM 
^ 101 12, that data item's bias value of 24 Is read from BIASM 23910 and provided to LENGTH Bus 20226 as 
length field of logical descriptor for that read operation. Concurrently, that bias value of 24 is subtracted 
from that data items lengtii field read from LENGRF 20236. Subtracting that bias value from that length 
value will yield a result of zero, indicating that no further read operations are required to complete transfer 
of that data item. 

If a data item having, for example, a length of 70 bits is to be read from MEM 10112, that data Kern's 
initial bias value of 32 is read from BIASM 23910 to LENGTH Bus 20226 as length field of first logical 
descriptor of a string transfer. Concurrently, that data item's initial length field is read from LENGRF 20236. 
That data item's initial bias value, 32, is subtracted from that data item's initial length value, 70, and 
LENALU 20252. The result of that subtraction operation is the remaining length of data item to be 
transferred in one or more subsequent read operations. In this example, subtracting initial bias value from 
initial length value indicates that 38 bits of that data item remain to be transferred. LENALU 20252's output 
representing results of this subtraction, for example 38, are transferred to LENSEL 20250's third input to 
LENGRF 20236 and written into address location from which that data item's Initial length value was read. 
This new length field entry then represents remaining length of that data item. Concurrently, LDET 23912 

^ examiries that residual length value being written into LENGRF 20236 to determine whether remaining 
length of that data item is greater than 32 bits or is equal to or less than 32 bits. If remaining length is 
greater than 32 bits, LDET 23912 generates a next bias value of 32, which is written into BIASM 23910 and 
same address location that held Initial bias value. If remaining data item length is less than 32 bits, LDET 
23912 generates a 6 bit binary number representing actual remaining length of data item to be transferred, 

^ Actual remaining length would then, again, be written into BIASM 23910 address location originally 
containing initial bias value. These operations are also performed by LOET 23912 in examining initial length 
field and generating a corresponding initial bias value. These read operations are continued as descrit>ed 
above until LDET 23912 detects that rwnaining length field is 32 bits or less, and thus that transfer of that 
data item will be completed upon next read operation. When this event is detected, LDET 23912 generates a 

^ seventh bit input into BIASM 23910, which is written into BIASM 23910 together with last bias value of that 
string transfer, indicating titat remattmng length will be zero after next read operation. When a final bias 
value is read from BIASM 23910 at start of next read operation of that string transfer, that seventh bit is 
examined by NXTZRO 23914 which subsequently generates a test condition output. Last Read (LSTRD) to 
FUCTL 20214, FUCTL 20214 may then terminate execution of that string transfer after that last read 

^ operation, if the transfer has been successfully completed. 

As previously described, the basic unit of length of a data Item in CS 101 10 is 32 bits. Accordingly, data 
(terns of 32 or fewer bits may be transferred directiy while data items of more than 32 bits require a string 
transfer. In addition, transfer of a data item through a string transfer requires tracking of the transferred 
length, and remaining length to be transferred, of both the data item itself and the data storage space of the 

^ location the data hem Is being transfarred to. As such, BIAS 20246 will store, and operate with, in the 
manner describe above, length and bias fields of the logical descriptors of both the data item and the 
location the data item is being fransferred to, FUCTL 20214 will receive an LSTRD test condition if bias field 
of source descriptor becomes ^ero before or concurrentiy with that of the destination, that is a completed 
transfer, or if bias field of destination becomes zero before that of the source, and may provide an 

^ appropriate microcode control response. It should be noted that if source bias field becomes zero before 
that of the destination, the remainder of the location that this data item is being transferred to will be filled 
and padded with zeros. If the data item is larger than the destination storage capacity, the destination 
location will be filled to capacity and FUCTL 20214 notified to inittate appropriate action. 

In addition to allowing data item transfers which are insensitive to data item length, BIAS 20246 allows 

so string transfers to be accomplished by short tight microcode loops which are insensitive to data hem 
length. A string transfer, for example, from location A to location B is encoded as: 

(1) Fetch from A, subtract length from bias A, and update offset and length of a; and, 

(2) Store to 6, subtract length from bias 6, and branch to (1 ) if length of B does not go to zero or fall 
through (end transfer) if length of B goes to zero. Source (A| length need not be texted as the microcode 

^ loop continues until length of B goes to zero; as described above, B will be filled and padded with zeros if 
length of A is less than length of B, or B will be filled and the string transfer ended If length of A is greater 
than or equal to length of B. 

LDET 23912 and NXTZRO 23914 thereby allow FUCTL 20214 to automatically initiate a string transfer 
upon occurrence of a single microinstruction from FUCTL 20214 initiating a read operation by DESP 20210. 

60 That microinstruction initiating a read operation will then be automatically repeated until LSTRD to FUCTL 
20214 from NXTZRO 23914 indicates that the string transfer is completed. LDET 23912 and NXTZRO 23914 
may, respectively, be comprised for example of S74S2«»s, SN74S133s, SN74S51s, SN74S00s, SN74S00s, 
SN74S04S, SN74S02S, and SN74S32S. 

Referring finally to SBIAS 23916, SBIAS 23916 is a multiplexer comprised, for example, of SN74S288s, 

^ SN74S374S, and SN74S244s, SBIAS 23916, under microinstruction control from FUCTL 20214, selects BIAS . 
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20246's output to be one of a bias value from BIASM 23910, L8, or L SBIAS 23916's first input from BIASM 
23910, has been described above. SBIAS 23916's second input L8, is provided from RJCTL 20214 and is 8 
bits of a microinstruction provided from FUSITT 11012. SBIAS 23916's second input allows microcode 
selection of bias values to be used in manipulation of length and offset fields of logical descnptors by 
LENALU 20252 and OFFALU 20242, and for generating entries to MC 10226. SBIAS 23916's third input U is 
similarly provided from FUCTL 20214 and is a decoded length value derived from portions of 
microinstructions in FUSITT 1 1012. These microcode length values represent certain commonly occurnng 
data item lengths, for example length of 1, 2, 4, 8, 16, 32, and 64 bits. An L input representing a length of 8 
bits, may be used for example in reading data from MEM 10112 on a byte by byte basis. 

Having described operation of LENP 20220, operation of AONP 20216 will be described next below- 



f. AON Processor 20216 

a.a. AONGRF 20232 ^ 

As described above, AONP 20216 includes AONSEL 20248 and AONGRF 20232. AONGRF 20232 is a 28 
• bit wide vertical section of GRF 10354 and stores AON fields of AON pointers and logical descnptors. 
AONSEL 20248 Is a multiplexer for selecting inputs to be written into AONGRF 20232, AONSEL 20248 may 
be comprised, for example of SN74S257s. AONGRF 20232 may be comprised of, for example, Fairchild 
93422s 

As previously described, AONGRF 20232*s output is connected onto AON Bus 20230 to allow AON 
fields of AON pointers and logical descriptors to be transferred onto AON Bus 20230 from AONGRF 20232, 
AONGRF 20232's output together with a bi-directional inputfrom AON Bus 20230, is connected to a second 
input of AONSEL 20248 and to a fourth input of AONSEL 20238. This data path allows AON fields, either 
from AONGRF 20232 or from AON Bus 2023O, to be written into AONGRF 20232 or AONGRF 20234. or 
provided as an input to OFFMUX 2024O. 
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b.b. AON Selector 20248 .^.,....,^o.n 
AONSEL 20248's first input is, as previously described, connected from output of OFFALU 20242 and ts 
used, for example, to allow AON fields generated or manipulated by OFFP 20218 to be written into 
AONGRF 20232. AONSEL 20248's third input is a 28 bit word wherein each bit Is a logical zero. AONSEL 
20248's third input allows AON fields of all zeros to be written into AONGRF 20232, An AON field of all zeros 
is reserved to indicate that corresponding entries In OFFGRF 20234 and LENGRF 20236 are neither AON 
pointers nor logical descriptors. AON fields of all zeros are thereby reserved to indicate that corresponding 

entries in OFFGRF 20234 and LENGRF 20236 contain data. 

In summary, as described above, DESP 20210 includes AONP 20216, OFFP 20218. and L£NP 20^0 
OFFP 20218 contains a vertical section of GRF 10354, OFFGRF 20234, for storing offset fields of AON 
pointers and logical descriptors, and for containing data to be operated upon by DESP ^210. OFFP 2021 8 is 
principal path for transfer of data from MEM 10112 to JP 10114 and is a general purpose 32 bit arithmetic 
and logic unit for performing all usual arithmetic and logic operations. In addition, ^^^^^^^''f I c?.*^^^ 
circuitry, for example OFFMUX 20240, for generation and manipulation of AON, OFFSET, and LENGT>1 
fields of logical descriptors and AON pointers. OFFP 20218 may also generate and manipulate entries for, 
for example, NC 10226, ATU 10228, PC 10234, AOT 10712, MHT 10716, MFT 10718, and o*er and 
address structures residing in MEM 1011Z LENP 20220 includes a vertical section of GRF 10354, LENGRF 
20236, for storing length fields of logical descriptors, and for storing data. LENP 20220 further includes 
BIAS 20246, used in conjunction with LENGRF 20236 and LENALU 20252, for providing length fields of 
45 logical descriptors for MEM 10112 read operations and in particular automatically performing string 
transfers. AONP 20216 similarty indudes a vertical section of GRF 10354, AONGRF 20232, A primafy 
function AONGRF 20232 Is storing and providing AON fields of AON pointers and logical descriptors. 

Having described structure and operation of DESP 20210, structure and operation of Memory Interface 
(MEMINT) 20212 will be described next below, 

SO 

Z Memory Interface 20212 (Rgs, 106, 240) ^ u niiEMiiMx onoio 

MEMINT 20212 comrises FU 10120's Interface to MEM 10112. As deainbed above, MEMINT 20212 
includes Name Cache (NC) 10226, Address Translation Unit (ATU) 10228, and Protection Cache (PC) 10234, 
all of which have been previously briefly described. MEMINT 2021 2 further includes Oescnptor Trap (DEST) 

55 20256 and Data Trap (DAT) 20258, Functions performed by MEMINT 2021 2 includes (1 ) resolution of Na"]L^ 
to logical descriptors, by NC 10226; (2) translation of logical descriptors to physical descriptors, by ATU 
10228; and (3) confirmation of access writes to objects, by PC 10234. 

As shown in Fig- 202, NC 10226 adress input (ADR) is connected from NAME Bus 20224J^C 10226 
Write Ungth Reld Input (WU is connected from LENGRF 20236's output NC 10226's Write Offset Field 

60 Input (WO) and Write AON Reld Input (WA) are connected, respectively, from OFFSET Bus 20228 and AON 
Bus 20230. NC 10226 Read AON Reld (RA), Read Offset Reld (RO), and Read Length Reld (RL) outputs are 
connected, respectively, to AON Bus 20230, OFFSET Bus 20228. and LENGTH Bus 20226. 

DEST 20256's bi-directional AON (AON). Offset (OFF), and Length (LEN) ports are connected by bi- 
directional buses to and from, respecthrety, AON Bus 20230, OFFSET Bus 20228, and LENGTH Bus 20226 

6S PC 10234 has AON (AON) and Offset (OFF) inputs connected from, respectively, AON Bus 20230 and 
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OFFSET Bus 20228. PC 1 0234 has a Write Entry (WEN) input connected from JPD Bus 1 0142. ATU 10228 has 
AON (AON), Offset (OFF), and Length (LEN) inputs connected from, respectively, AON Bus 20230, OFFSET 
Bus 20228, and LENGTH Bus 20226. ATU 10228's output is connected to physical Descriptor (PD) Bus 
10146. 

s Rnally, DAT 20258 has a bi-directional port connected to and from JPD Bus 10142. 

a.a. Description Trap 20256 and Data Trap 20258 
Refenirtg first to DST 20256 and DAT 20^, DST 20256 is a register for receiving and capturing logical 
descriptors appearing on AON Bus 20230, OFFSET Bus 20228, and Length Bus 20226. Similarly, DAT 20258 

10 is a registerfor receiving and capturing data words appearing on JPD Bus 10142. DST 20256 and DAT 20258 
may subsequently return captured logical descriptors or data words to, respecth^ly, AON Bus 20230, 
OFFSET Bus 20228, and LENGTH Bus 20226, and to JPD Bus 10142. 

As previously described, many CS 101 10 operations, in particular MEM 101 12 and JP 101 14 operations, 
are pipelined. That is, operations are overiapped with certain sets vwthin two or more operations being 

IS executed concurrently. For example, RJ 10120 may submit read reque^ to MEM 10112 and, while MEM 
10112 is accepting and servicing that request, submh a second read request. DEST 20256 and DAT 20258 
assist in execution of overp lapping operations by providing a temporary record of these operations. For 
example, a part of a read or write request to MEM 10112 by FU 10120 is a logical descriptor provided to ATU 
10228. If, for example the first red request just referred to results in a ATU 10228 cache miss or a protection 

20 violation, the logical descriptor of that first request must be recovered for subsequent action by CS 101 10 
as prwiously described. That logical descriptor will have been captured and stored In DEST 20256 and thus 
is immediately available, so that DESP 20210 is not required to regenerate that descriptor. DAT 20258 
serves a similar purpose with regareJ to data being written into MEM 10112 from JP 10114. That is, DAT 
20258 receives and captures a copy of each 32 bit word transferred onto JPD Bus 10142 by JP 10114. In 

2S event of MEM 101 12 being unaJsie to accept a write request, that data may be subsequently reprovided 
from DAT 20258. 

b-b. Name Cache 10226, Address Translation Unit 10228, and Protection Cache 10234 (Rg. 106) 
Referring to N0 10226, ATU 10228, and PC 1 0234, these elements of MEMINT 20212 are primarily cache 

30 mechanisms to enhance the speed of FU 10120's interface to MEM 10112,andconsequently of CS 10110's 
operation. As described previously, NC 10226 contains a set of logical descriptors corresponding to certain 
operand names currency appearing in a process being executed by CS 10110. NC 10226 thus effectively 
provides high speed resolution of certain operand names to corr^ponding logical descriptors. As 
described above with reference to string transfers, NC 10226 will generally contain logical descriptors only 

35 for data items of less than 256 bits length. NC 10226 read and write addresses are names provided on 
NAME Bus 20224. Name read and write addresses nrwiy be provided from DESP 20210, and in particular 
from OFFP 20218 as previoudy described, or from FUCTL 20214 as will be described in a following 
description of FUCTL 20214. Logical descriptors comprising NC 10226 entries, each entry comprising an 
AON field, an Offset field, a Length field, are written into NC 10226 through NC 10226 inputs WA, WO, and 

40 WL from, respectively, AON Bus 20230, OFFSET Bus 20228, and LENGRF 20236's output Logical 
descriptors read from NC 10226 in response to names provided to NC 10226 ADR input are provided to 
AON Bus 20230, OFFSET Bus 20228, and LENGTH Bus 20226 from, respectively, NC 10226 outputs RA. RO, 
and RL 

ATU 10228 is similarty a cache mechanism for providing high speed translation of logical to physical 

45 descriptors. In general, ATU 10228 will contain, at any given time, a set of logical to physical page number 
mappings for MEM 10112 read and write requests which are currently being made, or anticipated to be 
made, to MEM 10112 by JP 10114. As previously described, each phys'cal descriptor is comprised of a 
Frame Number (FN) field, and Offset Within Frame <0) fields, and a Length field. As discussed with 
reference to string transfers, a physical descriptor length field, as in a logical descriptor length field, specify 

so a data item of less than or equal to 32 bits length. Referring to Rg. 1 06C, as previously discussed a logical 
descriptor comprised of a 14 bit AON field, a 32 bit Ofteet field, and Leng^ field, wherein 32 bit logical 
descriptor Offset field is divided into a 1 8 bit Page Number (P) field and a 14 bit Offset within Page (0) field. 
In translating a log id into a physical descriptor, logical descriptor Length and O fields are used directly, as 
respectively, physical descriptor length and 0 fields. Logical descriptor AON and P fields are translated into 

55 physical descriptor FN field. Because no actual translation Is required, ATU 10228 may provide logical 
descriptor L field and corresponding 0 field directly, that is without delay, to MEM 10112 as corresponding 
physical descriptor 0 and Length fields. ATU 10228 cache entries are thereby comprised of physical 
descriptor FN fields corresponding to AON and P fields of those logical descriptors for which ATU 10228 
has corresponding entries. Because physical descriptor FN fields are provided from ATU 10228*8 cache, 

eo rather than directly as in physical descriptor 0 and Length fields, a physical descriptor's FN field will be 
provided to MEM 10112, for example, one clock cyde later than that physical descriptors O and Length 
fields, as has been previously discussed. 

Referring to Rg. 202, physical descriptor FN fields to be written into ATU 10228 are, in general, 
generated by DESP 2021 0. FN fields to be written into ATU 10228 are provided to ATU 1 0228 Data Input (Dl) 

65 through JPD Bus 10142. ATU 10228 read and write addresses are comprised of AON and P fields of logical . 
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descriptors and are provided to ATU 10228's AON and OFF inputs from, respectively. AON Bus 20230 and 
OFFSET Bus 20228. ATU 10228 read and write addresses may be provided from DESP 20210 or, as 
described further below, from RJCTL 20214. ATU 10228 FW outputs, together with 0 and Length fields 
comprising a physical descriptor, are provided to PD Bus 10146, 

s PC 10234 is a cache nr^echanism for confirming active procedure's access rights to objects identified by 
logical descriptors generated as a part of JP 10114 read or write requests to MEM 10112. As previously 
described access rights to objects are arbitrated on the basis of subjects. A subject has been defined as a 
particular combination of a principal, process, and domain. A principal, process, and domain are each 
identified by corresponding UIDs. Each subject having access rights to an object is assigned an Active 

to Subject Number (ASN) as described in a previous description of CS 10110's Protection Mechanism. The 
ASN of a subject currently acdve in CS 101 10 is stored in ASN Register 1(^1 6 in FU 10120. Access rights of a 
currently active subject to currently active objects are read from those objects Access Control Lists (ACL) 
10918 and stored in PC 10234. If the current ASN changes, PC 10234 is flushed of corresponding access 
right entries and new entries, corresponding to the new ASN, are written into PC 10234. The access rights 

75 of e particular current ASN to a particular obj«^ may be determined by indexing, or addressing, PC 10234 
with the AON identifying that object. Addresses to write entries into or read entries from PC 10234 are 
provided to PC 1 0234 AON input from AON Bus 20230. Entries to be written into PC 10234 are provided to 
PC 10234's WEN input from JPD Bus 10142. PC 10234 is also provided with inputs, not shown in Fig. 202 for 
purposes of clarity/ from FUCTL 20214 indicating the current operation to be perfomed by JP 10114 with 

20 respect to an object being presently addressed by FU 10120, Whenever FU 10120 submits a read or write 
request concerning a particular object to MEM 101 12, AON field of that request is provided as an addess to 
PC 10234, Access rights of the current active subject to that object are read from corresponding PC 10234 
entry and compared to FUCTL 20214 inputs indicating the particular operation to be performed by JP 1 01 14 
with respect to that object The operation to be performed by JP 10114 is then compared to that active 

25 subject's access rights to that object and PC 1 0234 provides an output indicating whether that active subject 
possesses the rights required to perform the intended operation. Indexing of PC 10234 and comparison of 
access rights to intended operation is performed concurrently whh translation of the memory request 
logical descriptor to a corresponding physical descriptor by ATU 10228. If PC 10234 indicates that that 
active subject has the required access rights, the intended operation is executed by JP 10114. If PC 10234 

30 indicates that that acth^ subject does not have the required access rights, PC 10234 indicates that a 
protection mechanism violation has occurred and Interrupts execution of the intended operation. 

ex Structure and Operation of a Generalized Cache and NC 10226 {Rg. 240) 
Having described overall structure and operation of NC 10226, ATU 10228, and PC 10234, structure and 
3S operation of these caches vwll be descrit)€d in further detail below. Structure and operation of NC 10226, 
ATU 10228, and PC 1 0234 are similar, exc^ that NC 10226 is a four-way set associative cache, ATU 10228 
is a threeway set associative cache and PC 10234 is a two-way set associatwe cache. 

As such, the structure and operation of NC 10226, ATU 10228, and PC 10234 will be described by 
reference to and description of a generalized cache similar but not necessarily identical to each of NC 
40 10226, ATU 10228, and PC 10234. Reference will be made to NC 10226 in the description of a generalized 
cache next below, both to further illustrate structure and operation of the generalized cache, and to 
describe differences between the generalized cache and NC 10226. ATU 10228 and PC 10234 will then be 
described by description of differences between ATU 10228 and PC 10234 and the generalized cache. 
Referring to Rg. 240, e partial block diagram of a generalized four-way, set associative cache Is shown, 
45 Tag Store (TS) 24010 is comprised of Tag Store A (TSA) 24012, Tag Store B (TSB) 24014, Tag Store C <TSC) 
24016, and Tag Store D {TSD) 24018, Each of the cadie's sets, represented by TSA 24012 to TSD 24018, may 
contain, for example as in NC 10226, up to 16 entries, so that TSA 24012 to TSD 24018 are each 16 words 
long. 

Address inputs to a cache are divided into a tag field and an index field. Tag fields are stored in the 

so cache's tag store and indexed, that is addressed to be read or written from or to tag store by index field of 
the address. A tag read from tag store in response to index field of an address is then compared to tag field 
of that address to indicate whether the cache contains an entry corresponding to that address, that is, 
whether a cache hit occurs. In, for example, NC 10226, a Name syllable may be comprised of an 8, 12, or 16 
bit binary word, as previously described. The four least significant bits of these words, or Names, comprise 

55 NC 10226*5 index field while the remaining 4, 8, or 12 most significant bits comprise NC 10226's tag field. 
TSA 24012 to TDS 24018 may each, therefore, be 12 entry wide memories to store the 12 bit tag fields of 16 
brt names. Index (IND) or address inputs of TSA 24012 to TSD 24018, would in NC 10226, be conn«:ted from 
four least significant bits of NAME Bus 20224 while Tag Inputs (TAGI) of TSA 24012 to TSD 24018 would be 
connected from the 12 most significant bits of NAME Bus 20224, 

go As described above, tag outputs of TS 2401 0 are compared to tag fields of addresses presented to the 
cache to determine whether the cache contains an entry oorresporwiing to that address. Using NC 1 0226 as 
an example 12 bit Tag Outputs fTAGOs) of TSA 24012 to TSD 24018 are connected to first inputs of Tag 
Store Comparators (TSC) 24019, respectively to inputs of Tag Store Comparitor A (TCCA) 24020, Tag Store 
Comparitor B (TSCB) 24022, Tag Store Comparitor D (TSCD) 24024, and Tag Store Comparitor E (TSCE) 

g5 2402a Second 12 bit inputs of TSCA 24020 to TSCE 24026 may be connected from the 12 most significant 
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bits of NAME Bus 20224 to receive tag fields of NC 10226 addresses. TAS 24O20 to TSCE 24026 compare tag 
field of an address to tag outputs read from TSA 24012 to TSE 24018 in response to index field of that 
address, and provide four bit outputs indicating which, ff any, of the possible 16 entries and their associated 
tag store correspond to that address tag field. TSCA 24020 to TSCE 24026 may be comprised, for example, 
of Fairchild 93S46s, 

Four bit outputs of TSCA 2401 2 to TSCE 24026 are connected in the generalized cache to inputs of Tag 
Store Pipeline Registers (TSPR) 24027; respectively to Inputs of Tag Store Pipeiine Register A (TSPRA) 
24028, Tag Store Pipeline Register B (TSPRB) 24030. Tag Store Pipeline Register C (TSPRC) 24032, and Tag 
Store Pipeline Register D (TSPRD) 24034. ATU 10228 and PC 10234 is pipelined with a single cache access 
operation being executed In two clock cycles. During first dock cycle tag store is addressed and tags store 
therein compared to tag field of address to provide indication of whether a cache hit has occurred, that is 
whether cache contains an entry corresponding to a partiojiar address. During second clock cyde, as will 
be described below, a detected cache hit is encoded to obtain access to a corresponding entry in cache data 
store. Pipeiine operation over two clock cydes is provided by cache pipeline registers which include, in 
part TSPRA 24028 to TSPRD 24034. NC 1 0226 is not pipelined and does not include TSPRA 24028 to TSPRD 

24034. In NC 10226, outputs of TSCA 24012 to TSCD 24024 are connected directly to inputs of TSHEA 24036 
to TSHED 24042, described below. 

Outputs of TSPRA 24028 to TSPRD 24034 are connected to inputs of Tag Store Hit Encoders (TSHE) 

24035, respectively to Tag Store Hit Encoder A (TSHEA) 24036, Tag Store Hit Encoder B <TSHEB) 24038, Tag 
Store Hit Encoder C CTSHEC) 24040, and Tag Store Hit Encoder D (TSHED) 24042. TSHEA 24036 to TSHED 
24042 encode, respectively, bit inputs from TSPRA 24028 to TSPRD 24034 to provide single bit outputs 
indicating which, if any, set of the cache's four sets includes an entry corresponding to the address input 

Single bit outputs of TSHEA 24036 to TSHED 24042 are connected to inputs of Hit Encoder (HE) 24044. 
HE 24044 encodes single bit inputs from TSHEA 24036 to TSHED 24042 to provide two sets of ouputs. Rrst 
outputs of HE 24044 are provided to Cache Usage Store (CUS) 24046 and indicate in which of the cache's 
four sets, corresponding to TSA 2401 2 to TSD 2401 8, a cache hit has occurred. As described previousty with 
reference to MC 201 16, and will be described further below, CUS 24046 is a memory containing infomiation 
for tractdng usage of cache entries. That is, CUS 24046 contains entries indicating whether, for a particular 
Index, Set A, Set B, Set C or Set 0 of the cache's four sets has been most recentiy used and which has been 
least recentiy used. CUS 24046 entries regarding Sets A, B, C, and D are stored in, respecth^ly, memories 
CUSA 24088, CUSB 24090, CUSC 24092, and CUSD 24094. Second ou^ut of HE 24044, as described further 
below, is connected to selection input of Data Store Selection Multiplexer (DSSMUX) 24048 to select an 
output from Data Store (DS) 24050 to be provided as output of the cache when a cache hit occurs. 

Referring to DS 24050, as previously described a cache's data store contains the information, or 
entries, stored in that cache. For example, each entry in NC 10226*5 DS 24050 is a logical descriptor 
comprised of an AON, and Offset, and Length, A cache's data store parallels, in structure and organization, 
that cache's tag store and entries therein are identified and located through that cache's tag store and 
associated tag store comparison and decoding logic In NC 10226, for example, for each Name having an 
entry in NC 10226 there will be an emry, the tag field of that name, stored in TS 24010 and a corresponding 
entry, a logical descriptor corresponding to that Name, in DS 24050. As described above, NC 10226 is a 
four-way, set assodative cache so that TS 24010 and DS 24050 will each contain four sets of data. Each set 
was previously described as containing up to 16 entries. DS 24050 is therefore comprised of four 16 word 
memories. Each memory is 65 bits wide, accommodating 28 bits of AON, 32 bits of offset, and 5 bits of 
length. These four component data store memories of DS 24050 are indicated in Rg. 240 as Data Store A 
(DSA) 24052, Data Store B (DSB) 24054. Data Store C (DSC) 24056, and Data Store D (DSD) 24058. DSA 
24052, DSB 24<S4, DSC 24056 and DSD 24058 correspond, respectively, in strurture, contents, and 
operation to TSA 24012, TSB 24014, TSC 24016 and TSD 24018. 

Data Inputs {DIs) of DSA 24052 to DSD 24058 are, in NC 10226 for example, connected from AON Bus 
20230, OFFSET Bus 20228, LENGTH Bus 20226 and comprise inputs WA, WO, WL respectively of NC 10226. 
DSA 24052 to DSD 24058 DIs are, in NC 10226 as previously described, utilized in writing NC 10226 entries 
into DSA 24052 to DSD 24058. Address inputs of DSA 24052 to DSD 24058 are connected from address 
outputs of Address Pipeline Register (ADRPR) 24O60. As will be described momentarily, except during 
cache flush operations, DSA 24052 to DSD 2405B address inputs are comprised of the same index fields of 
cache addre^es as are provided as address inputs to TS 24010, but are delayed by one clock cyde and 
ADRPR 24060 for pipelining purposes. As described above, NC 1 0226 is not pipelined and does not have the 
one dock cyde delay. An address input to the cache will thereby result in corresponding entries, selected 
by index field of that address, being read from TSA 24012 to TSD 24018 and DSA 24052 to DSD 24058. The 
four outputs of DSA 24052 to DSD 24058 selected by a particular index field of a particular address are 
provided as inputs to DSSMUX 24048. DSSMUX 24048 is concurrently provided with selection control 
input from HE 24044. As previously described, this selection input to DSSMUX 24048 Is derived from TS 
24010 tag entries and indicates which of DSA 24052 to DSD 24068 entries corresponds to an address 
provided to the cache. In response to that selection control input, DSSMUX 24048 selects one of DS 24O50's 
four logical descriptor outputs as the cache's output corresponding to that address. DSSMUX 24048's 
output is then provided, through Buffer Driver (BD) 24062 as the cache's output for example in NC 1 0226 to 
AON Bus 20230, OFFSET Bus 20228, and LENGTH Bus 20226, 
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Referring to ADRMUX 24062, ADRMUX 240K selects one of two sources to provide address inputs to 
DS 24050, that is to index to DS 24050. As described above, a first ADRMUX 24062 input Is comprised of the 
cache's address index fields and, for example in NC 10226, is connected from the four least significant bits 
of NAME Bus 20224. During cache flush operations, DS 24050 address inputs are provided from Hush 
^ Counter (FLUSHCTB) 24066, which in the example is a four bit counter. During cache flush operations, 
FLUSHCTR 24066 generates sequential bit addresses which are used to sequentially address DSA 24052 to 
DSD 24058. Selection between ADRMUX 24062 first and second inputs, respectively the address index 
fields and from FLUSHCTR 24066, is controlled by Address Multiplexer Select (ADRMUXS) from FUCTt 

20214. ^ 

Validity Store (VALS) 24068 and Dirty Store (DIRTYS) 24070 are memories operating in parallel with, 
and addressed in parallel with TS 24010, VALS 24068 contains entries indicating validity of corresponding 
TS 24010 and DS 24050 entries. That is, VALS 24068 entries indicate whether corresponding entries have 
been written into corresponding locations in TS 24010 and DS 24050. In the example, VALS 24068 may 
thereby be a 16 word by 4 bit wide memory. Each bit of a VALS 24068 word indicates validity of a 
^5 corresponding location in ISA 24012 and DSA 24052, TSB 24014 and DSB 24054, TSC 24016 and DSC 
24056, and TSD 24018 and DSD 24058. DIRTYS 24070 similarly indicates whether con^sponding entries in 
corr^ponding locations of TS 24010 and DS 24050 have been written over, or modified. Again, DIRTYS 
24070 will be a sixteen word by four bit wide memory. 

Address inputs of VALS 24058 and DIRTYS 24070 are, for example in NC 10226, connected from least 
^ significant bits of iSIAME Bus 20224 and are thus addressed by index fields of NC 10226 addresses in 
parallel with TS 2401 0. Outputs of VALS 240^ are provided to TSCA 24020 to TSEE 24026 to inhibit outputs 
of TSCA 24020 through TSCE 24026 upon occurrence of an invalid concurrence between a TS 24010 entry 
and a NC 10226 address input Similar outputs of DIRTYS 24070 are provided to FUCTL 20214 for use in 
cache flush operations to indicate which NC 10226 entries are dirty and must be written back into an MT 
25 10^0 rather than dlsgarded. 

Outputs of VALS 24068 and DIRTYS 24070 are also connected, respectively, to inputs of Validity 
Pipeline Register (VALPR) 24072 and Dirty Pipeline Register (DIRTYPR) 24074. VALPR 24072 and DIRTYPR 
24074 are pipeline registers similar to TSPRA 24028 to TSPRD 24034 and are provided for timing purposes 
as will be described momentarily. Outputs of VALPR 24072 and DIRTYPR 24074 are connected to inputs of, 
^ respectively. Validity Write Logic {VWU 24076 and Dirty Write Logic (DWL) 24078. As described above, NC 
10226 is not a pipelined cache and does not include VALPR 24072 and DIRTYPR 24074; outputs of VALS 
24068 and DIRTYS 24070 are connected dinectiy to inputs of VWL 24076 and DWL 24078. Outputs of VWL 
24076 and DWL 24078 are connected, respectively, to data inputs of VALS 24068 and DIRTYS 24070. Upon 
occurrence of a write operation to TS 24010 and DS 24050, that is writing in or modifying a cache entry, 
^ corresponding validity and dirty word entries are read from VALS 24068 and DIRTYS 24070 by index field of 
the caches input addr^. Outputs to VALS 24068 DIRTYS 24070 are received and stored in, respectively, 
VALPR 24070 and DIRTYPR 24074. At start of next clock cycle, validity and dirty words in VALPR 24072 and 
DIRTYPR 24074 are read into, respectively, VWL 24076 and DWL 24078. VWL 24076 and DWL 24078 
respectively modify those validity or dirty word entries from VALS 24068 and DIRTYS 24070 in accordance 
^ to whether the corresponding entries in TS 24010 and DS 24050 are written Into or modified. These 
nK>dffted validity and dirty words are then written, during second clock cyde, from VWL 24076 and DWL 
24078 into, respectively, VALS 24068 and DIRTYS 24070. Control inputs of VWL 24076 and DWL 24078 are 
provided from FUCTL 20214. , ^ . 

Referring finally to Least Recent Used Logic (LRUU 24080, LRUL 24080 tracks usage of cache entnes. 
^ As previously described, the generalized cache of Fig. 240 is a four viray, set associative cache with, for 
example, up to 16 entries in each of NC 10226's sets. Entries within a particular set are identified, as 
described above, by indexing the cache's TS 24010 and DS 24050 may contain, concurrentiy, up to four 
individual entries identified by the same Index but distiguished by having different tags. In this case, one 
entry vwuld reside in Set A. comprising TSA 24012 and DSA 24052, one in Set B, comprising TSB 24014 and 
so DSB 24054, and so on. Since the possible number of individual entries having a common tag is greater than 
the number of cache sets, it may be necessary to delete a particular cache entry when another entry having 
the same tag is to be written into the cache. In general, the cache's least recently used entry would be 
deleted to provide a location in TS 24010 and DS 24050 for writing in the new entry. LRUL 24080 assists in 
determining which cache entries are to be deleted when necessary in writing in a new entry by tracking and 
55 indicating relative usage of the cache's entries. LRUL 24080 is primarily comprised of a memory, LRU 
Memory (MLRU) 24081, containing a word for each cache set As described above, NC 10226, for example, 
includes 16 sets of 4 frames each, so that LRUL 24080's memory may correspondingly be, for example, 16 
words long. Each word indicates relative usage of the 4 frames in a s^ and is a 6 bit word. 

Words are generated and written into LRUL 24080's MLRU 24081, through Input Register A. B, C, D 
60 <RABCD) 24083, according to a write only algorithm executed by HE 24044, as described momentarily. Each 
bit of each six word pertains to a pair of frames within a particular cache set and indicates which of those 
two frames was more recentiy used than the other. For example. Bit 0 will contain logic 1 if Frame A was 
used more recently than Frame B and a logic zero if Frame 6 was used more receritly than Frame A. 
Similariy, Bit 1 pertains to Frames A and C, Bit 2 to Frames A and D, Bit 3 to Frames B and C, Bit 4 to Frames 
65 B and D, and Bit 5 to Frames C and D. Initially, ail bits of a particular LRUL 24080 word are set to zero. 
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Assuming, for example, that the frames of a particular set are used in the sequence Frame A, Frame D, 
Frame 6; Bits 0 to 5 of that LRUL 24080 word will initially contain all zeros. Upon a reference to Frame A, 
Brts 0« 1, and Z* referring respectively to Frames A and Frames A and C, and Frames A and D, will be 
written as logic Ts. Bits 3, 4, and 5, referring respectively to Frames B and C, Frames B an D, and Frames C 

5 jand will remain logic 0, Upon reference to Frame D, Bits 0 and 1 , referring respectively to Frames A and B 
and Frames A and C, will remain logic Vs. Bit 2, referring to Frames A and D, will be changed from logic 1 to 
logic 0 to indicate that Frame D has been referred to more recently than Frame A. Bit 3, referring to Frames 
B and C, will remain logic 0, Bits 4 and 5. referring respectively to Frames B and D and Frames C and D, will 
be written as logic 0, although they are already logic zeros, to indicate respectively that Frame D has been 

10 used more recently than Frame B or Frame C. Upon reference to Frame B, Bit 0, referring to Frames A and B, 
will be written to logic 0 to indicate that Frame B has been used more recently than Frame A. Bits 1 and 2, 
referring resectively to Frames A and C and Frames A and D, will remain respectively as logic 1 and logic 0. 
Bits three and four, referring respectively to Frames B end C and Frames B and D, will be written as logics 
Ts to indicate respectively that Frame B has been used more recently than Frame C or Frame D. Bit five wii! 

T5 remain logic 0. 

When it is necessary to replace a cache entry in a particular frame, the LRUi- 24080 word referring to, 
the cache set containing that frame will be read from LRUL 24080^$ MLRL 24081 through LRU Register 
(RLRU] 24085 and decoded by LRU Decode Logic (LRUD) 24087 to indicate which is least recently used 
frame. This decoding is executed by means of a Read Only Memory operating as a set of decoding gating. 
20 Having described the structure and operation of a generalized cache as shown in Rg. 240, with 
references to NC 10226 for illustration and to point out differences between the generalized cache and NC 
10226, structure and operation of ATU 10228 and PC 1 0234 will be described next below. ATU 10228 and PC 
10234 will be described by describing the differences l>etween ATU 10228 and PC 10234 and the 
generalized cache and NC 10226. ATU 10228 will be described first, followed by PC 10234. 

25 

d.d- Address Translation Unit 10228 and Protection Cac^e 10234 
ATU 10228 is a three-way. set associative cache of 16 sets, that is contains 3 frames for each set 
Structure and operation of ATU 10228 is similar to the generalized cache described above. Having 3 rather 
than 4 frames per set ATU 10228 does not include a STD 24018, ATSCE 24026, ATSPRD 24034, ATSHED 

30 24042, or ADSD 24058. As previously described ATU 10228 address inputs comprise AON and 0 fields of 
logical descriptors. AON fields are each 28 bits and O fields comprise the 18 most significant bWs of logical 
descriptor offset fields, so that ATU 10228 address inputs are 48 bits wide. Four least signfftcant brts of O 
fields are used as index. AON fields and the 14 most significant bits of O field comprise ATU 10228's tags. 
ATU 10228 tags are thereby each 42 bits in width. Accordingly, TSA 24012, TSB 24014, and TSC 24016 of 

35 ATU 10228's TS 24010 are each 16 words long by 42 bits wide. 

DSA 24052, DS8 24054, and DSC 24056 of ATU 10228 are each 16 bits long. ATU 10228 outputs are, as 
previously described, physical descriptor Frame Number (FN) fields of 13 bits each. ATU 10228's DSA 
24052, DSB 24054, DSC 24056 are thereby each 13 bits wide. 

ATU 1(S28's LRUL 24080 is simitar in structure and operation to that of the generalized cache. ATU 

40 12028*8 LRUL 24080 words, each corresponding to an ATU 10228 set are each 3 bits in width as 3 bits are 
sufficient to indicate relative usage of frames within a 3 frame set In ATU 10228, Bh 1 of an LRUL 24080 
word Indicates whether Frame A was used more recently than Frame B, Bit 2 whetiier Frame A was used 
more recently than Frame C, and Bit 3 whether Frame B was used more recently than Frame C. tn all other 
respects, other than as stated above, ATU 10228 is similar in structure and operation to the generalized 

^ cache. 

Referring to PC 1 0234, PC 10234 is a twoway, set associative cache of 8 sets, that is has two frames per 
set. Having 2 rather than 4 frames, PC 10234 will not include a TSC 24016, a TSD 24018, a TSCC 24024, a 
TSCO 24026, a TSPRC 24032, a TSPRD 24034, a TCHEC 24040, a TSHED 24042, a DSC 240K, or a DSD 
24058. 

Address inputs of PC 10234 are the 28 bit AON fields of logical descriptors. The 3 least significant bits of 
those AON fields are utilized as indexes for addressing PC 10234's TS 24010 and DS 24050. The 25 most 
significant bits of those AON field address inputs are utilized as PC 10234's tags, so that PC 10234's TSA 
24012 and TSB 24014 are each 8 word by 25 bit memories. 

Referring to PC 1 0234'6 LRUL 24080, a single bit is sufficient to indicate which of the two frames in each 
55 of PC 10234's sets was most recently accessed. PC 10234's LRUL 24080*8 memory is thereby 8 words, or 
sets long, one bit wide. 

As previously described, PC 10234 entries comprise information regarding access rights of certain 
active subjects to certain active objects. Each PC 10234 entry contains 35 bits of information. Three bits of 
this information indicate whether a particular subject was read, v^ite, or execute rights relative to a 
so particular object The remaining 32 bits effectively comprise a length field Indicating the volume or portion, 
that is the number of data bits, of that object to vthizh those access rights pertain. 

Referring again to Rg. 240, PC 10234 differs from the generalized cache and from NC 10226 and ATU 
10228 in further including Extent Check Logic (EXTCHK) 24082 and Operation Check Logic {OPRCHK) 24084. 
PC 10234 entries include, as described above, 3 bits identifying type of access rights a particular subject has 
£5 to a particular object These 3 bits, representing a Read (R), Write (W), or Execute (E) right, are provided to a. 
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first input of OPRCHK 24084. A second Input of OPRCHK 24084 is provided from FUCTL 20214 and specifies 
whether JP 101 1 4 intends to perform a Read (Rl), a Write (Wl), or Execute (B), operation with resp«:t to that 
object OPRCHK 24084 compares OPRCHK 24084 access right inputs from DS 24050 to OPRCHK 24084's 
intended operation input from FUCTL 20214. If that subject does not possess the rights to that object which 

^ are required to perform the operation intended by JP 10114, OPRCHK 24084 generates an Operation 
Violation (OPRV] indicating that a protection violation has occurred 

Similarly, the 32 bits of a PC 10234 entry regarding extent rights is provided as an input (EXTENT) to 
EXTCHK 24082. As stated above, EXTENT field of PC 10234 entry indicates the length or number of data 
bits, within an obect, to which those access rights pertain. EXTENT field from PC 10234 entry is compared, 

'0 by EXTCHK 24082, to offset field of the logical descriptor of the current JP 1 01 14 request to MEM 1 01 1 2 for 
which a current protection mechanism check is being made. If comparison of extent rights and offset field 
indicate that the current memory request goes beyond the object length to which the corresponding rights 
read from DS 24050 appiy, EXTCHK 24082 generates an Extent Violation (EXTV) output EXTV indicates that 
a currBnt memory request by JP 10114 refers to a portion of an object to which the PC 10234 entry read 

'5 from BS 24050 does not apply. As described previously, each read from or vwite to MEM 10112, even as 
part of a string transfer, is a 32 bit word. As such, EXTCHK 24082 will generate an EXTV output when 
OFFSET field of a current logical descriptor describes a segment of an object less than 32 bits from the limit 
defined by EXTENT field of the PC 10234 entry provided in response to that logical descriptor. EXTV and 
OPRV are gated together, by Protection Violation Gate (PVG) 24086 to generate Protection Violation 

2^ (PROTV) output indicating that either an extent or an operation violation has occurred. 

Having described the structure and operation of MEMINT 20212, and previously the structure and 
operation of DESP 20210, structure and operation of FUCTL 20214 will be described next below. 

3. Fetch Unit Control Logic 20214 (Rg. 202) 

The following descriptions will provide a detailed description of FU 1O120's structure and operation. 
Overall operation of FU 10120 will be described first, followed by description of FU 10120's structure, and 
finally by a detailed description of FU 10120 operation. 

As previously described, FUCTL 20214 directs operation of JP 10114 In exectrting procedures of user's 
processes. Among the functions performed by FUCTL 20214 are, first, niaintenance and operation of CS 
3f 10110*5 Name Space, UID, and AON based addressing system, previously described; second, 
interpretation of SOPs of user's processes to provide corresponding sequences of microinstructions to FU 
10120 and EU 10122 to control operation of JP 10114 in execution of user's processes, previously 
described; and, third, control of operation of CS lOIIO's internal mechanisms, for example CS 10110's 
stack mechanisms. 

35 As will be described in further detail below. FUCTL 20214 includes prefetcher <PREF) 20260 which 
generates a sequence of logical- addresses, each logical address comprising an AON and an offset field, for 
riding S-!nstructions (SINs) of a user's program from MEM 10112. As previously described, each SIN may 
be comprised of an S-Operation (SOP) and one or more operand Names and may occupy one or more 32 
bit words. SINs are read from MEM 101 12 as a sequence of single 32 bit words, so that PREF 20260 need not 

^ specify a lenglii field in a MEM 10112 read request for an SIN. SINs are read from MEM 101 12 through MOD 
Bus 10144 and are captured and stored in Instruction Buffer (INSTB) 20262. PARSER 20264 extracts, or 
parses, SOPs and operand Names from INSTB 20252. PARSER 20264 provides operand Names to NC 10226 
and SOPs to FUS Infrepreter Dispatch Table (FUSDT) 11010 and to EU Dispatch Table (EUSDT) 20266 
through Op-Code Register (OPCODEREG) 20268. Operation of INSTB 20262 and PARSER 20264 is 

<s controlled by Cun^ent program Counter (CPC) 20270, Initial Program Counter (IPC) 20272, and Executed 
program Counter (EPC) 20274. 

As previously described, FUSDT 11010 provides, for each SOP received from OPCODEREG 20268, a 
corresponding S-lnterpretcr Dispatch (SO) Pointer, or address, to FUSnT11012 to select a corresponding 
sequence of microinstructions to direct operation of JP 10114, in particular FU 10120, As previously 

60 described, FUSITT 11012 also contains sequences of microinstructions for controlling and directing 
operation of CS 10110's internal mechanisms, for example those mechanisms such as ROWS 10358 which 
are invohred in swapping of processes. EUSDT 20266 performs an analogous function with respect to EU 
10122 and provides SD Pointers to EU S-lnterpreter Tables (EUSfTTs) residing in EU 10122. 

Micro-Program Counter (mPC) 20276 provides sequential addresses to FUSITT 11012 to select 

55 individual microinstructions oif sequences of microinstructions. Branch and Case Logic (BRC/^E) 20278 
provides addresses to FUSITT 1 101 2 to select microinstructions sequences for microinstructions branches 
and and cases. Repeat Counter (REPCTR) 20280 and Page Number Register (PNREG) 20282 provide 
addresses to FUSITT 11012 during FUSITT 11012 load operations. 

As previously described, FUSITT 11012 is a writable microinstruction control store which is loaded with 

60 selected S-lnterpreters (SINTs) from MEM 10112, 

FUSrrr 11012 addresses are also provided by Event Logic (EVENT) 20284 and by JAM input from NC 
1022a As will be described further below, EVENT 20284 is part of FUCTL 20214's circuitry primarily 
concerned with operation of CS 10110's internal mechanisms. Input JAM from NC 10226 initiates certain 
FUCTL 20214 control functions for CS 10110's Name Space addressing mechanisms, and in particular NC 

55 10226. Selection between the above discussed address inputs to FUSITT 11012 is controlled by S- 
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Interpreter Teble Next Address Generator Logic (SITTNAG) 20286. 

Other portions of FUCTL 20214's circuitry are concerned with operation of CS 10110's internal 
mechanisms. For example, FUCTL 20214 includes Retum Control Word Stack (BCWS) 10358, previously 
described with reference to CS 10110's Stack Mechanisms. Register Address Generator (RAG) 20288 
provides pointers for addressing of GRF 10354 and RCWS 10358 and includes Micro-Stack Pointer 
Registers (MISPR) 10356. 

As previously described, MISPR 10356 mechanism provides pointers for addressing Micro-Stack (MIS) 
10368. As will be described further below, actual MIS 10368 Pointers pointing to current previous, and 
bottom frames of MIS 10368 reside in Micro-Control Word Register 1 (MCW1) 2O290. MCW1 20290 and 
Micro-Control Won! Zero Register (MCWO) 20292 together contain certain information indicating the 
current execution environment of a microinstruction sequence currently being executed by FU 10120. This 
execution information is used in aide of execution of these microinstruction sequences. State Registers 
(STATE) 20294 capture and store certain information regarding state of operation of FU 10120, As 
described further below, this information, referred to as state vectors, is used to enable and direct 
operation of FU 10120. 

Timers (TIMERS) 20296 monhor elapsed time since occurrence of the events requiring servicing by FU 
1 0120, If waiting time for these events exceeds certain limits, TIMERS 20296 Indicate that these limits have 
been exceeded so that service of those events may be Initiated, 

Finally, Fetch Unit to E Unit Interface Logic (FUEUINT) 20298 comprises the FU 10120 portion of the 
^ interface between FU 10120 an EU 10122. FUEUINT 202^ is primary path through which operation of FU 
10120 and EU 10122 is coordinated. 

Having described overall operation of FU 10120, structure of FU 10120 will be described next below 
vwth aide of Fig. 202, description of FU 10120's structure will be followed by a detailed description of FU 
10120 \Amerein further, more detailed, diagrams of certain portions of FU 10120 will be introduced as 
^ required to enhance darity of presentation, 

a,a. Fetch Unit Control Logic 20214 Overall Structure 
Referring again to Fig. 202, as previously described Fig, 202 indudes a partial block diagram of FUCTL 
20214. Following the same sequence of description as above, PREF 20260 has a 28 bit bi-directional port 
30 connected to AON Bus 20230 and 32 Wt bi-directional port directed from OFFSET Bus 202:^ A control input 
of PREF 20260 is connected from control output of INSTB 20262, 

INSTB 20262 32 bit data input (01) is connected frxwn MOD Bus 10144. INSTB 20262's 16 bit output (DO) 
is connected to 16 bit bi-directional input of OPCODEREG 20268 and to 16 bit NAME Bus 20224. 
OPCODEREG 20268*s input comprises 8 bits of SINT and 3 bits of dialect selection. As previously described, 
as NAME Bus 20224 is connected to 16 bit bi-directional port of Name Trap (NT) 20254, to address input ADR 
of NC 10226, and to inputs ?nd outputs of OFFP 20228. Control inputs of INSTB 20262 and PARSER 20264 
are connected from a control output of CPC 20270. 

Thirty-two bit input of CPC 20270 is connected from JPD Bus 10142 and CPC 20270's 32 bit output is 
connerted to 32 bit input of IPC 20272, Thirty-two bit output of IPC 20272 is connected to 32 bit input of EPC 
40 20274 and to JPD Bus 10142. EPC 20274's 32 bit output is similarty connected to JPD Bus 10142. 

Eleven bit outputs of OPCODEREG 20268 are connected to 11 bit address inputs of FUSDT 11010 and 
EUSDT 20266- These 11 bit address inputs to FUSDT 11010 and EUSDT 20266 each comprise 3 bits of 
dialect selection code and 8 bits of SINT code. Twelve bit SDT outputs of EUSDT 20266 is connected to 
inputs of Microinstruction Control Store in EU 10122, as will be described in a following d^cription of EU 
45 10122^ FUSDT 11010 has, as described further below, two outputs connected to address (ADR) Bus 20238. 
First output of FUSDT 11010 are sbc bit SDT pointers, or addresses, corresponding to generic SINTs as will 
be described further below. Second output of FUSDT 11010 are 15 bit SDT pointers, or addresses, for 
algoritiim microinstruction sequences, again as will be described further below. 

Referring to RCWS 10358, RCWS 10358 has a first bidirectional port connected from JPD Bus 10142. 
so Second, third, and fourth bidirectional ports of RCWS 10358 are connected from, respectively, a bi- 
directional port of MCWl 20290, a first bi-directional port EVENT 20284, and a bi-directional port of mPC 
20276. An ou^ut of RCWS 10358 is connected to ADR Bus 20298. 

An Input of mPC 20276 Is connected from ADR Bus 20298 and first and second outputs of mPC 20276 
are connected to, respectively, an input of BRCASE 20278 and to ADR Bus 20298, An output of BRCASE 
ss 20278 is connected to ADR Bus 20298. 

As descn*bed above, a first bi-directional port of EVENT 20284 Is connected to RCWS 10358. A second 
bidirectional port of EVENT 20284 is connected from MCWO 20292. An output of EVENT 20284 is connected 
to ADR Bus 20298, 

Inputs of RPCTR 20280 and PNREG 20282 are connected from JPD Bus 10142. Outputs of RPCTF 20280 
so and PNREG 20282 are connected to ADR Bus 20298. 

ADR Bus 20298, and an input from a first output of FUSITT 1 1012, are connected to inputs of SITTNAG 
20286. 

Output of SriTN AG 20286 is connected, through Control Store Address (CSADR) Bus 20299, to address 
input of FUSITT 1 1012. Data input of FUSITT 1 1012 is connected from JPD Bus 10142. Control outputs of 
^ FUSITT 1 101 2 are connected to almost all elements of JP 101 14 and thus, for darity of presentation, are not 
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shown in detail by drawn physical connections but are described in following descriptions. 

As described above, MCWO 20292 and MCW1 20290 have bi-directional ports connected to, 
respectively, bidirectional ports of EVENT 20284 and to a second bidirectional port of RCWS 10358. Outputs 
of MCWO 20292 and MCW1 20290 are connected to JPD Bus 10142. Other inputs of MCWO 20292 and 
MCW1 202^. as will be described further below, are connected from several other elements of JP 10114 
and, for clarity of presentation, are not shown herein in detail but are described in the following text STATE 
20294 similarly has a large number of inputs and outputs connected from and to other elements of JP 
101 14, and in particular FU 10120. Inputs and outputs of STATE 20294 are not indicated here for clarity of 
presentation and will be described in detail below. 

RAG 20288 has an input connected from JPD Bus 10142 and other inputs connected, for example, from 
MCWl 20290. RAG 20288, Including MiSPR 10356, provides outputs, for example, as address inputs to 
RCWS 10358 and GRF 10354. Again, for clarity of presentation, inputs and outputs of RAG 20288 are not 
shown in detail in Rg, 202 but will be descril^ in detail further below. 

TIMERS 20296 receive inputs from EVENT 20284 and RJSmr 11012 and provide outputs to EVENT 
20284, For clarity of presentation, these indications are not shown in detail in Rg. 202 but will be described 
further below* 

FUINT 20298 receives contrc^ inputs from FUSITT 11012 and EU 10122. FUINT 20298 provides outputs 
to EU 10122 and to other elements of FUCTL 20214. For darity of presentation, connections to and from 
FUINT 20298 are not shown in detail in Rg. 202 but will be described in further detail below. 

Having described the overall operation, and structure, of FUCTL 20214, operadon of FUCTL 20214 will 
be described next below. During the following descriptions further diagrams of certain portions of FUCTL 
20214 will be introduced as required to disclose structure and operation of FUCTL 20214 to one of ordinary 
skill in the art. FUCTL 20214's operation with regard to fetching and interpretation of SINs, that is SOPs and 
operand Names, will be described first followed by description of FUCTL 20214's operation with regard to 
CS 10110*5 internal mechanisms, 

b.b. Fetch Unit Control Logic 20214 Operations 
Referring first to those elements of FUCTL 20214 directly concerned with control of JP 10114 in 
response to SOPs and Name syllables, those elements include: (1) PREF 20260; (2) INSTB 20262; (3) 
PARSER 20264; (4) CPC 20270, IPC 20272, and EPC 20274; (5) OPCODEREG 20268; (6) FUSDT 11010 and 
EUSOT 20266; (7) mPC 20276; (8) 8RCASE 20278; (9) REPCTR 20280 and PNREG 20282; (1 0) a part of RCWS 
10358; (11) SITTNAG 20286; (12) FUSITT 1 1012; and, (13) NT 20254. These FUCTL 20214 elements will be 
described below in the order named, 

a.a^. Prefetcher 20260, Instruction Buffer 20262, Par^r 20264, Operation Code Register 20268 
CPC 20270, IPC 20272, and EPC 20274 (Rg. 241) 
As desta-ibed above, PREF 20260 generates a series of addresses to MEM 101 12 to read SINs of user's 
programs from MEM 10112 to FUCTL 20214, and in particular to INSTB 20262. Each PREF 20260 read 
request transfers one 32 bit word from MEM 1011 2. Each SIN may be comprised of an SOP and one or more 
Name syllables. Each SOP may comprise, for example, 8 bits of information while each Name syllable may 
comprise, for example, 8, 12, or 16 bits of data. In general, and as will be described in further detail in a 
following description of STATE 20294, PREF 20260 obtains access to MEM 10112 on alterriate 110 
nanosecond system clock cycles. PREF 20260's access to MEM 10112 is conditional upon INSTB 20262 
indicating that INSTB 20262 is ready to receive an SIN read from MEM 10112. In particular, INSTB 20262 
generates control output Quiry Prefetch (QPF) to PREF 20260 to enable PREF 20260 to submit a request to 
MEM 10112 when, as described further below, INSTB 20262 is ready to receive an SIN read from MEM 
10112. 

PREF ^60 is a counter register comprised, for example of SN74S163s. 

Bi-directional inputs and outputs of PREF 20260 are connected to AON Bus 20230 and OFFSET Bus 
20228. As PREF 20260 reads only single 32 bit words, PREF 20260 is not required to specify a LENGTH field 
as part of an SIN read request, that is an AON and an OFFSET field are sufRcient to define a single 32 bit 
word. At start of read of a sequence of SINs from MEM 10112, address (AON and OFFSET fields) of first 32 
bit word of that SIN sequence are provided to MEM 10112 by OESP 20210 and concurrently loaded, from 
AON Bus 20230 and OFFSET Bus 20228, into PREF 20260. Thereafter, as each successh^e thirty-two bit word 
of the SIN'S sequence is read from MEM 10112, the address residing in PREF 20260 is incremerrted to 
specify successh^e 32 bit words of that SIN's sequence. The successive single word addresses are, for all 
words after first word of a sequence, provided to MEM 10112 from PREF 20260. 

As described above, INSTB 20262 receh^es SINs from MEM 10112 through MOD Bus 10144 and, with 
PARSER 20264 and operating under control of CPC 20270, provides Name syllables to NAME Bus 20224 
and SINs to OPCODEREG 20268. INSTB 20262 is provided, together with PREF 20260 to increase execution 
speed of SiNS. 

Referring to Fig. 241, a more detailed block diagram of INSTB 20262, PARSER 20264, CPC 20270, IPC 
20272, EPC 20274 as shovm. INSTB 20262 is shown as comprising two 32 bit registers having parallel 32 bit 
inputs from MOD Bus 10144. INSTB 20262 also receives two Write Clock (WC) inputs, one for each 32 bit 
register of INSTB 20262, from Instruction Buffer Write Control (INSTBWC) 24110. INSTB 20262's outputs 
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are structured as eight eight bit Basic Syllables (BSs), indicated as BSO to BS7. BSO, BS2, BS4, and BS6 are 
ORed to comprise eight bit Basic Syltable, Even (BSE) of INSTB 20262 while BSO, BS3, BS5, and BS7 are 
similarly ORed to comprise Basic Syllable, Odd (BSO) of tlSlSTB 20262. BSO and BSE are provided as inputs 
of PARSER 20264, 

• PARSER 20264 receives a first control input from Current Syllable Size Register (CSSR) 24112, 
associated with CPC 20270. A second control input of PARSER 20264 is provided from Instruction Buffer 
Syllable Decode Register (IBSDECR) 24114, also associated with CPC 20270. PARSER 20264 provides an 
eight bit output to NAME Bus 20224 and to input of OPCODEREG 20268. 

Referring to INSTBWC 24110, INSTBWC 24110 provides, as described further below, control signals 
pertaining to writing of SINs into INSTB 20262 from MOD Bus 10144. INSTBWC 24110 also provides control 
signals pertaining to operation of PREF 20260, In addition to WC outputs to INSTB 20262, INSTBWC 24110 
provides control output QPF to PREF 20260, control output Instruction Buffer Hung (IBHUNG) to EVENT 
20284, and control signal Instruction Buffer Wait {ISWAIT) to STATE 20294, INSTBWC 24110 also receives a 
control input BRANCH from BRCASE 20278 and an error input from TIMERS 20296. 

Referring to CPC 20270, IPC 20272, and EPC 20274, IPC 20272 and EPC 20274 are represented in Rg. 241 
as in Fig. 202. Further FUCTL 20214 circuitry is shown as associated with CPC 20270. CPC 20270 is a twenty- 
nine bit register receiving bits one to twety-five (CPC(1 — ^25)) from bits one to twenty-fWe of JPD Bus 10142. 
CPC 20270 Bit 0 (CPCO) is provided from CPCO CPCO Select (CPCOS) 241 1 6. Inputs of CPCOS 241 1 6 are Bit 
1 output from CPC 20270 (CPC1 ) and Bit 0 from JPD Bus 10142. Bits twentysix, twenty-seven, and twenty- 
eight of CPC 20270 (CPC(26^)) are provided from CPC Multiplexer (CPCMUX) 24118. CPCMUX 241 18 also 
provides an input to IBSDECR 241 14. Inputs of CPCMUX 241 18 are bits twenty-five, twenty-six, and twenty- 
eight from JPD Bus 10142 and a three bit output of CPC Arittimetic and Logic Unit (CPCALU) 24120. A first . 
input of CPCALU 24120 is connected from output bits 26, 27, and 28 of CPC 20270. Second input of CPCALU 
24120 is connected from CSSR 24112, CSSR 24112's input is connected from JPD Bus 10142. 

As described above, INSTB 20262 is implemented as a sbcty-lbur bit wide register. INSTB 20262 is 
organized as two thtrty^o bit words, referred to as Instruction Buffer Word 0 (IBO) and Instruction Buffer 
Word 1 (IB1), and operates as a two word, first-ln-first-out buffer memory, PREF 20260 loads one of IBO or 
IB1 on each memoiy reference by PREF 20260. Only PREF 20260 may load INSTB 20262, and INSTB 20262 
may be loaded only from MOD Bus 10144. Separate clocks, respectively Instruction Buffer Write Clock 0 
(IBWCO) and Instruction Buffer Write Gock 1 (IBWCI), are provided from INSTBWC 24110 to load, 
respe(^ely, IBWO and IBW1 into INSTB 20262. IBWCO and tBWCI are each a gated 110 nanosecond dock. 
An IBWO or an IBW1 Is written into INSTB 20262 when, respectively, IBWCO or IBWCI is enabled by 
INSTBWC 24110. IBWO) and IBWCI vvill be enabled only when MEM 10112 indicates that data for INSTB 
20262 Is avatiabe by asserting interface control agnal DAVI as previously discussed. 

INSTBWC 241 10 is primarily concerned with control of FU 10120 with respect to writing of SINs into 
INSTB 20262. As described above. INSTBWC 241 10 provides IBWCO and IBWCI to INSTB 20262. IBWCO and 
IBWCI are enabled by INSTBWC 24110*8 input DAVi from MEM 10112. Selection between IBWCO and 
IBWC1 is controlled by INSTBWC 24110*5 input from CFC 20270. In particular, and as will l>e described 
further below. Bit 26 (CPC 26) of CPC 20270*8 twenty-nine bit word indicates whether IBWO or IBW1 is 
vimtten into INSTB 20262. 

In addition to controlling writing of IBWO and IBW1 into INSTB 20262, INSTBWC 241 10 provides control 
signals to elements of FU 10120 to control reading of SINs from MEM 101 12 to INSTB 20262. In this regard, 
INSTBWC 24110 detects certain conditions regarding status of SIN words in INSTB 20262 and provides 
corresponding control signals, described momentarily, to other elements of FU 10120 so that INSTB 20262 
would generally always contain at least one valid SOP or Name syllable, Brst, If INSTB 20262 is not full, that 
is either IBWO or IBW1 or both is invalid, for example because IBWO has been read from INSTB 20262 and 
executed, INSTOWC 241 10 detects this condition and provides control signal QPF to PREF 20262 to Initiate a 
read from MEM 10112. INSTBWC 24110 currently enables either IBWO or IBW1 portion of INSTB 20262 to 
receive the word read from MEM 10112 in response to PREF 20260's request As stated above, this 
operation will be initiated when INSTBWC 24110 detects and indicates, by generating a validity flag, that 
either IBWO or iBWI is invalid. In this case, IBWO or IBW1 will be indicated as invalid when read from INSTB 
20262 by PARSER 20264. As will be described further below, INSTBWC 24110 validity flags for IBWO and 
IBWI are generated by INSTBWC 24110 control inputs comprising Bits 26 to 28 (CPC 26—28) from CPC 
20270 and by current syllable size or value, flag (K) Input from CSSR 241 12. Secondly, INSTBWC 241 10 will 
detect when INSTB 20262 is empty, that is vrfien both IBWO and IBWI are invalid, as just described, or when 
only 8 half of a sbdeen bit Name syllable is present in INSTB 20262, In response to either condition, 
INSTBWC 24110 wnTl generate control signal IBW/MT to STATE 20294. As will be described further below, 
IBWATT will result in suspension of execution of microinstructions referencing INSTB 20262. PREF 20260 
requests to MEM 10112 will already have tieen initiated, as described above unless certain other corditions, 
described momentarily, occur. Thirdly, INSTBWC 24110 will detect when INSTTB 20262 is empty and PREF 
20262 is hung, that is unable to submit requests to MEM 10112, and a current microinstruction is 
attempting to parse a syllable from INSTB 20262. In this case, INSTBWC 241 10 will generate conUol signal 
Instruction Buffer Hung (IBHUNG) to EVENT 20284. As will be described furtiier below, IBHUNG will result 
in initiation of a microinstruction sequence to restore flow of words to INSTB 20262. Fourthly, INSTBWC 
24110 will detect, through microinstruction control signals provided from FUSrmi012, when a branch in 
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a microinstrut^ion sequence provided by FUSITT 11012 in response to an SOP occurs. In this case, both 
tBWO and IBWl will be fiaged as invalid INSTBWC 24110 wilt then ignore SIN words being read from MEM 
10112 in response to a previously submitted PREF 20260 request but not yet received at the time the 
branch occurs. This prevents INSTB 20260 from receiving invalid SIN words; PREP 20260 and INSTB 20262 
^ will then proceed to request and receive valid SIN words of the branch. 

As described above, PARSER 20264. operating under control of CPC 20270 and CPC 20270 associated 
circuitry, reads Name syllables and SOPs from INSTB 20262 to, respectively, NAME Bus 20224 and 
OPCODEREG 20268. PARSER 20264 operates as a multiplexer with associated control logic 

As previously described, INSTB 20262 is internally structured as eight eight bit words, BSO to BS7. 
IBWO comprises BSO to B3 while IBWl comprises BS4 to BS7. Each SOP is comprised of eight bits of data 
and thus comprises one Basic Syllable white each Name syllable comprises 8, 1 2, or 16 t>its of data and thus 
. comprises either one or two Basic Syllables. Name syllable size, as previously stated, is indicated by 
Current Syllable Size Value K stored in CSSR 24112. 

BSO and BS4 are loaded into INSTB 20262 from MOD Bus 10144 bits zero to seven while BS2 and BS6 
• are loaded from MOO Bus 10144 bits sixteen to twenty-three. BS1 and BS5 are loaded from MOD Bus 10144 
bits eight to fifteen while BS3 and BS7 are loaded from MOD Bus 10144 bits twenty-four to thirty-one. Odd 
numbered Basic Syllable outputs BS1, BS3, BS5, and BS7 are ORed to comprise eight bit Basic Syllable, 
Odd output BSO of INSTB 20262. Even numbered Basic Syllable outputs BSo, BS2, BS4 and BS6 of INSTB 
20262 are similarly ORed to comprise eight bit Basic Syllable, Even output BSE. At any time, one odd 
^ numbered Basic Syllable output and one even numbered Basic Syllable output of INSTB 20262 are selected 
as inputs to PARSER 20264 by Instruction Buffer Read Enable (IBORE) enable and selection signals 
provided to INSTB 20262 by IBSDECR 241 14. IBSDECR 24 1 14 includes decoding circuitry. Input to IBSDECR 
24114's decoding logic Is comprised of three bits <RCPC(26— 28)) provided from CPCMUX 24118. As 
indicated in Rg. 241, CPC (26--28) may be provided from JPD Bus 10142 bits 25 to 28 or from output of 
25 CPCALU 241 20. One input CPCALU 241 20 is CPC (26—28) from CPC 20270. Operation of CPC 20270 and CPC 
20270*5 associated circuitry will be described further below. RCPC (26—28) is decoded by IBSDECR 241 14 
to generate IBORE (0—7) to INSTB 20262. RCPC 26 and RCPC 27 are decoded to select one of the four odd 
numbered Basic Syllable outputs (that is BS1, BS3, BS5 or BS7) of INSTB 20262 as the odd numbered basic 
syllable input to PARSER 20264. RCPC 28 selects either the preceding or the following even numbered 
^ Basic Syllable output of INSTB 20262 as the even numbered Basic Syllable input to PARSER 20284. The 
eight decoded bits of IBORE (0—7) generated by IBDECR 24114 decoding logic are loaded into IBSDECR 
24114 eight bit register and subsequently provided to INSTB 2(J262 as IBORE (0—7). 

PARSER 20264 selects BSO, or BSE, or both BSO and BSE, as PARSER 20264s output to NAME Bus 
20224 or to OPCODEREG 20268, In the c^e of an SOP or an eight bit Name syllable, either BSO or BSE will 
^ be selected as PARSER 20264's output In the case of a tweh^e or sixteen bit Name syllable, both BSO and 
BSE may be selected as PARSER 20264's output PARSER 20264 operation is controlled by microinstruction 
control outputs -from FUSOT 11012. 

Program counters IPC 20272, EPC 20274, and CPC 20270 are associated with control of fetching and 
parsing of SINs, In general, IPC 20272, EPC 20274, and CPC 20270 operate under microinstruction control 
from FUSnri 1012. 

CPC 20270 is Current Program Counter and contains 28 bits pointing to the current syllable In INSTB 
20272. Bits 29 to 31 of CPC 20270 are not provided, so the bits 29 to 31 of CPC 20270's output are zero, wdiich 
guarantees byte boundaries for SOPs, Contents of CPC 20270 are thereby also a pointer which is a byte 
align offset into a current procedure object Initial Program Counter {IPC> 20272 is a buffer register 
^ connected from output of CPC 20270 and provided for timing overiap. IPC 20272 may be loaded only from 
CPC 20270 which, as previously described, is 29 bits wide, that does not contain bits 29, 30, and 31 which 
are forced to zero in IPC 20272. IPC 20272 may be read onto JPD Bus 10142 as a start value in an 
unconditional branch. 

EPC 20274 is a thirty-two bit register usually containing a pointer to the current SOP being executed. 
so Upon occurrence of an SOP branch, the pointer in EPC 20274 will point to the SOP from which the brartch 
was executed The pointer residing in EPC 20274 is an offset into a current procedure ot^ect, EPC 20274 
may be loaded only from IPC 20272, and may be read onto JPD Bus 10142. 

Referring again to CPC 20270, as described above CPC 20270 is a current syllable counter. CPC 20270 
contains a pointerto the next SOP syllable, or Base Syllable, to be parsed by PARSER 20264. As SOPs are 
55 always on byte boundaries, CPC 20270 pointer is 29 bits wide, CPC (0—28). The three low order bits of CPC 
20270*5 pointer, that is CPC (29—31), do not physically exist and are assunr>ed to be always zero. CPC 
20270's pointer to next instruction syllable to be parsed thereby always points to byte boundaries. 

CPC 20270 bits 26 to 28, CPC (26—28), indicate, as described above, a particular Base Syllable in INSTB 
20262. Bits O— 25 (CPC(0— 25)) of CPC 20270 indicate 32 bit words, read into INSTB 20262 as IBWO and 
60 IBWl, of a ^quence of SINs. CPC 20270 pointer is updated each time a parse operation reading a Base 
Syllable from INSTB 20262 is executed. As previously described, these parsing operations are performed 
under microinstruction control from FUSTTT 11012. 

Conceptually. CPC 20270 is organized as a twenty-six bit counter, containing CPC (0—25), with a three 
bit register appended on the low order side, as CPC (26—281, This organization is used because CPC 
65 (26—28) counts INSTB 20262 Base Syllables parsed and must be incremented dependant upon current 
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Name Syllable Srze K stored CSSR 24112. CPC {0—25), however, counts successive thirty-two bit words of a 
sequence of SINs and may thereby be implemented as a binary counter. As shown in Fig, 241 , CPC (26—28) 
is loaded from output of CPCMUX 241 18. A first input of CPCMUX 241 1 8 is connected from bits 29 to 31 of 
JPD Bus 10142. This input to CPC (26—28) from JPD Bus 10142 is provided to allow CPC 20270 to be loaded 

^ from JPD Bus 10142, for example when loading CPC 20270 with en initial pointer value. Second input of 
CPCMUX 24118 is from output of CPCALU 24120 and is the path by vtfhich CPC (26—28) is incremented as 
successive Base Syllables are parsed from INSTB 20262, A first input of CPCALU 24120 is CPC (26—28) 
from CPC 20270, Second input of CPALU 24120 is a dual input from CSSR 24112, Rrst input from CSSR 
24112 is logic 1 in the least significant bit position, that is in po^on corresponding to CPC (28). This input 

'0 is used when single Bass Syllables are parsed from INSTB 20262, for example in an eight bit SOP or an 
eight bit Name syllable. CSSR 241 12's first input to CPCALU 24120 increments CPC (0—32) by eight, that is 
one to CPC (26—28), each time a single Base Syllable is parsed from INSTB 20262. Second input to CPCALU 
24120 from CSSR 241 12 Is K, that is current Name Syllable size. As previously described, K may be eight, 
twelve, or ^een. CPC (26—28) is thereby incremented by one when K equals eight and is incremented by 

^5 two VN^en K equals twelve or sixteen. As shown in Fig. 241, K is loaded into CSSR 24112 from JPD Bus 
1014Z 

CPC (0—25), as described above, operates as a twenty-six bit counter which is incremented each time 
CPC (26—28) overflows. CPC (0—25) is incremented by carry output of CPCALU 24120. In actual 
implementation, CPC 20270 is organized to reduce the number of Integrated circuits required, CPC (1—25) 
is constructed as a counter and Inputs of CPC (1—25) counter are connected from bits 1 to 24 of JPD Bus 
10142 to allow loading of an initial value of CPC 20270 pointer. CPC (0) and CPC (2&-28I are implemented 
as a four bit register. Operation of CPC (26—28) portions of this register have been described above. Input 
of CPC (0) portion of this register is connected from output of CPCOS 241 1 6, CPCOS 2411 6 is a multiplexer 
having a first input connected from bit 0 of JPD Bus 10142. This input from JPD Bus 10142 is used, for 
example, when loading CPC 20272 with an initial pointer value. Second input of a*COS 241 16 is overflow 
output of CPC (1—25) counter and allows CPC (0) portion of the four bit register and CPC (1—25) counter to 
operate as a twenty-six bit counter. 

Finally, as shown in Rg 241. output of CPC 20270 may be loaded into IPC 2027Z An Initial CPC 20270 
pointer value may therefore be written into CPC 20270 from JPD Bus 10142 and subsequently copied into 
30 IPC 20272, 

Referring again to PARSER 20264, as described above PARSER 20264 reads, or parses, basic syllables 
from INSTB 20262 to NAME Bus 20224. Input of PARSER 20264 is a sixteen bit word comprised of an eight 
bit odd numbered Base Syllable, BSO. and an eight bft even numbered Base Syllable, BSE. Depending upon 
whether PARSER 20264 is parsing an eight bit SOP, an eight bit Name syllable, a twelve bit Name syllable, 
3S or sixteen bit Name syllable, PARSER 20264 may select BSO, BSE, or both BSO and BSE, as output onto 
NAME Bus 20224. 

If PARSER 20264 is parsing Name syllables and K is not equal to eight that is equal to twelve or sixteen, 
PARSER 20264 transfers both BSO and BSE onto NAME Bus 20224 and determines which of BSO or BSE is 
most significant The dedsion as to whether BSO or BSE is most significant is determined by CPC (28), If 
<^ CPC (28) indicates BSO is most significant BSO is transferred onto NAME Bus 20224 bits 0 to 7 
(NAME(0-7)) and BSE onto NAME Bus 20224 bits eight to fifteen (NAW!E(8— 1 5)). If CPC (28) Indicates BSE 
is most significant BSE is transfeaed onto NAME (0—7) and BSO onto NAME (8—15). This operation 
Insures that Name syllables are parsed onto NAME Bus 20224 In the order in which occur in the SIN stream. 
If PARSER 20264 is parsing. Name syllables of Syllable Size K = 8, PARSER 20264 will select either BSO 
^ or BSE, as indicated by CPC (28), as output to NAME (0—7). PARSER 20264 will place O's on NAME (8—1 5), 
!f PARSER 20264 is parsing SOPs of eight bits, PARSER 20264 vwll select BSO or BSE as output to 
NAME (0—7) as selected by CPC (28). PARSER 20264 will place O's onto NAME (8—15). Concurrently, 
PARSER 20264 will generate OPREGE to OPCODEREG 20268 to enable transfer of NAME (0—7) into 
OPCODEREG 2026a OPCODEREG 20268 is not loaded when PARSER 20264 is parsing Name syllables. The 
so microinstruction input from FUSITT 11012 which controls PARSER 20264 operation also determines 
whether PARSER 20264 is parsing an SOP or a Name syllable and controls generation of OPREGE. 

Operation of NC 10226, which receives Name syllables as address inputs from NAME Bus 20224, has 
been discussed previously with reference to MEMINT 20212. Name Trap (NT) 20254 is connected from 
NAME Bus 20224 to receive and capture Name syllables parsed onto NAME Bus ^224 by PARSER 20264. 
ss Operation of NT 20254 has been also previously discussed with reference to MEMINT. 

b,b.b. Fetch Unh Dispatch Table 11010, Execute Unit Dispatch Table 20266 and Operation Code 
Register 20268 (Hg. 242) 

As previously described, CS 10110 is a multiple language machine. Each program written in a high 
GO level user language is compiled into a corresponding S-Language program containing S-Language 
Instructions referred to as SOPs, CS 101 10 provides a set or dialect, of microcode instructions, referred to 
as S-lnterpreters (SINTs) for each S-Language, SINTs interpret SOPs to provide corresponding sequences 
of microinstructions for detailed control of CS 10110 operations. CS 101 ICs SINTs for FU 10120 and EU 
10122 operations are stored, respectively, in FUSITT 1 1012 and in a corresponding control store memory in 
B5 EU 10122, described in a following description of EU 10122. Each SINT comprises one or more sequences 
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of microinstructions, each sequence of microinstructions corresponding to a particular SOP in a particular 
S-Language dialect. Fetch Unit S-lnterpreter Dispatch Table (RJSDT) 1 1010 and Execute Unit S-lnterpreter 
Dispatch Table (EUSDT) 20266 contain an S-Interpreter Dispatcher (SD) for each S-Language dialect Each 
SD is comprised of a set of SD Pointers (SDPs) wherein each SDP in a particular SD corresponds to a 

5 particular SOP of that SD dialect Each SDP is an address pointing to a location, in FUSITT 11012 or EUSITT, 
of the start of the corresponding sequence of microinstructions for interpreting the SOP corresponding to 
that SDP. As will be described further below, SOPs received and stored In OPCODEREG 20268 are used to 
generate addresses into FUSDT 11010 and EUSDT 20266 to select corr^ponding SDPs. Those SDPs are 
then provided to FUSITT 11012 through ADR 20202, or to EUSITT through EUDIS Bus 202(^, to select 

^0 corresponding sequences of microinstructions from FUSITT 11012 and EUSITT. 

Referring to Rg. 242, a more detailed block diagram of OPCODEREG 202^, FUSDT 11010, and EUSDT 
20266 is shown. As shown therein, OPCODEREG 20268 is comprised of OP-Code Utch (LOPCODE) 24210, 
Dialect Register (RDIAU 24212, Load Address Register (LADDR) 24214, and Fetch Unit Dispatch Encoder 
(FUDISENC) 24216. Data inputs of LOPCODE 24010 are connected from NAME Bus 20224 to receive SOPs 

fS parsed from INSTB 20262. Load inputs of RDIAL 24212 are connected from Bits 28 to 31 of JPD Bus 10142. 
Outputs of LOPCODE 24210, RDIAL 24212 and LADDR 24214 are connected to inputs of FUDISENC 24216. 
Outputs of FUDISENC 24216 are connected to address inputs of FUSDT 11010 and EUSDT 2026a 

FUSDT 11010 Is comprised of Fetch Unit Dispatch RIe (FUDISF} 24218 end Algorithm File <AF) 24220. 
Address inputs of FUDISF 24218 and AF 24220 are connected, as previously described, from address 

20 outputs of FUDISENC 24216. Data load inputs of FUDISF 24218 and AJF 24220 are connected from, 
respectively, BHs 10 to 15 and Bits 1 6 to 31 of JPD Bus 10142. SDP outputs of FUDISF 24218 and AF 24220 
are connected to ADR Buses 20202. 

EUSDT 20266 is comprised of Execute Unit Dispatch File (EUDISF) 24222 and Execute Unrt Dispatch 
Selector (EUDISS) 24224. Address inputs of EUDISF 24222 are, as described above, connected from outputs 

25 of FUDISENC 2421 6. Data load inputs of EUDISF 24222 arc connected from Bits 20 to 31 of JPD Bus 10142. 
Inputs of EUDISS 24224 are connected from SDP output of EUDISF 24222, from Bits 20 to 31 of JPD Bus 
10142, and from Microcode Literal (mLTr) output of FUSITT 11012. SDP outputs of EUDISS 24224 are 
connected to EUDIS Bus 20206. 

As previously described, OPCODEREG 20268 provides addresses, generated from SOPs loaded into 

30 OPCODEREG 20268, to FUSDT 1 1010 and EUSDT 20266 to select SDPs to be provided as address inputs to 
FUSITT 1 1 01 2 and EUSITT, LOPCODE 2421 0 receives and stores eig ht bit SOPs parsed from INSTB 20262 as 
described above. OPCODEREG 20268 also provides addresses to FUSDT 11010 and EUSDT 20266 to load 
FUSDT 11010 and EUSDT 20266 with SDs for S-Language dialects currently being utilized by CS 10110. 
LOPCODE 24210 and RDIAL 24212, as described below, provide addresses to FUSDT 11010 and EUSDT 

35 202^ when translating SOPs to SDPs and ADDR 24214 provides addresses when FUSDT 1 1010 and EUSDT 
20266 are being loaded with SDs. 

Referring first to LADOT 24214, LADDR 24214 has an ^ght bit counter. Addresses are provided to 
FUSDT 11010 and EUSDT 202^ from LADDR 24214 only when FUSDT 11010 and EUSDT 20266 are being 
loaded with SDs, that is groups of SDPs for S^nguage dialects currently being utilized by CS 10110. 

40 During this operation, output of LADDR 24214 is enabled to FUSDT 11010 and EUSDT 20266 by microcode 
control signals (not shown for clarity of presentation) from FUSITT 11012. Selection between FUDISF 
24218, AF 24220, and EUDISF 24222 to receive addresses is simllariy provided by microinstruction enable 
signals (also not shown for clarity of presentation) provided from FUSITT 1 1012. These FUSDT 11010 and 
EUSDT 20266 address enable inputs may select, at any time, any or all of FUDISF 24218, AF 24220, or 

46 EUDSF 24222 to receive address inputs. SDPs to be loaded into FUDISF 24218, AF 24220, and EUDISF 24222 
are provided, respectively, from Bits 10 to 15 {JPD(10— 15)), Bits 16 to 31 (JPD(16— 311), and Bits 20 to 31 
{JPD(20— 31)) of JPD Bus 10142. Address contents of LADDR 24214 are successively incremented by one as 
successive SDPs are loaded Into FUSDT 11010 and EUSDT 20266. Incrementing of LADDR 24214 is, again, 
controlled by microinstruction control inputs from FUSITT 11012. 

so Address inputs to FUSDT 11010 and EUSDT 20266 during interpretation of SOPs are provided from 
LOPCODE 24210 and RDIAL 24212, LOPCODE 24210 is a register coumer having, as described above, data 
inputs connected from NAME Bus 20224 to receive SOPs from PARSER 20264. In a first mode, LOPCODE 
24210 may operate as a latch, loaded with one SOP at a time from output of PARSER 20264. In a second 
mode, LOPCODE 24210 operates as a clock register to receive successive eight bit inputs from low order 

S5 eight bits of NAME Bus 20224 {NAME(8— 15)). Loading of LOPCODE 24210 is contolled by microinstruction 
control outputs (not shown for darity of presentation) from FUSITT 11012. 

As will be described further below, eight bit SOPs stored in LOPCODE 24210 are concatenated with the 
output of RDIAL 24212 to provide addresses to FUSDT 11010 and EUSDT 20266 to select SDPs 
corresponding to particular SOPs. That portion of these addresses provided from LOPCODE 24210, that is 

go the eight bit SOPs, selects particular SDPs within a particular SD. Particular SDs are selected by that portion 
of these addr^ses which is provided from the contents of RDIAL 24212. 

RDIAL 24212 receives and stores four bit Dialect Codes indicating the particular S-Language dialect 
currently being used by CS 101 10 and executing the SOPs of a user's program. These four bit Dialect Codes 
are provided from JPD Bus 10142, as JPD (28—31). Loading of RDIAL 24212 with four bit Dialect Codes is 

^ controlled by microinstruction control signals provided form FUSTTT 11012 (not shown for clarity of 
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Four bit Dialect Codes in RDIAL 24212 define partitions in FUDISF 24218, AF 24220 and EUDISF 24222. 
Each partition contains SDPs for a different S-Language dialect, that is contains a different SD. FUDISF 
24218, AF 24220 and EUDISF 24222 may contain, for example, eight 128 word partitions or four 256 word 
partitions. A single bit of Dialect Code, for example Bit 3, defines whether FUDISF 24218, AF 24220, and 
EUDISF 24222 contain f ou r or eight partitions. If FUSDT 1 1 01 0 and EUSDT 20266 contain four pa rtltions, the 
two most significant bits of address into FUSDT 1 101 0 and EUSDT 20266 are provided from Dilect Code Bits 
1 and 2 and determine which partition is addressed. The lower order eight bits of address are provided 
from LOPCODE 24210 and determine which word in a selected partition is addressed. If FUSDT 11010 and 
EUSDT 20266 contain eight partitions, the three most ragnificant b'rts of address into FUSDT 11010 and 
EUSDT 20266 are provided from Bits 0 to 2 of Dialect Code, to select a particular partition, and the lower 
seven bits of address are provided from LOPCODE 24210 to select a particular word in the selected 
partition. 

As described above, LOPCODE 24210 eight bit output and RDIAL 24212*5 four bit output arc 
concatenated together, through FUDISENC 24216, to provide a ten bit address input to FUSDT 11010 and 
EUSDT 20266. FUDISENC 24216 is an encoding circuit and will be described further below with reference to 
FUDISF 24218. As previously described, selection of FUDISF 24218, AF 24220, and EUDISF 24222 to receive 
address inputs from RDIAL 24212 and LOPCODE 24210 is controlled by microinstruction control enable 
inputs provided from FUSITT 1 1012 (not shown for clarity of presentation). 

Referring to FUSDT 11010, both FUDISF 24218 and AF 24220 provide SDPs to FUSITT 1 1 012, but do so 
for differing purposes, in general, microinstoiction control operations may be regarded as falling into two 
classes. Rrst, there are those microinstruction operations which are generic, tiiat is general in nature and 
used by or applying to a broad variety of SOPs of a particular dialect or even of many dialects. An example 
of this class of microinstruction operation is fetches of operand values. FUDISF 24218 provides SDPs for 
this dass of microinstruction operations. As described below, FUDISF 24218 is a fast access memory 
allowing a angle mio-oinstmction control output of FUSITT 1 1012 to parse an SOP from INSTB 20262 into 
LOPCODE 24210, and a corresponding SDP to be provided from FUDISF 24218. That is, an SOP of this 
generic dass may be parsed from INSTB 20262 and a corresponding SDP provided from FUDISF 24218 
during a single system dock cyde. Operation of FUDISF 24218 thereby enhances speed of operation of JP 
10114, in particular at the beginning of execution of new SOPs. 

The second dass of microinstruction operations are those specific to particular SINTs or to particular 
groups of SINTs, These groups of SINTs may reside entirdy within a particular dialect for example 
FORTRAN, or may exist within one or more dialects. SDPs for this dass of microinstruction operation are 
provided by AF 24220. As described further bdow, AF 24220 Is slower than FUDISF 24218, but is larger. In 
35 general, AF 24220 contains SDPs of microinstruction sequences specific to particular SINTs. In general, 
generic microinstruction operations are performed before throe operations specific to particular SINTs, so 
that SDPs are required from AF 24220 at a later time tiian those from FUDISF 242ia SDPs for specific SINT 
opeiBtions may therefore be provided from lower speed AF 24220 without a penalty in speed of execution 
of SOPs. 

40 Referring again to FUDISF 24218, FUDISF 24218 is a 1,024 word by 6 bit fast access by polar memory. 
Each word contained therein, as described above, is an SDP, or address to start of a corresponding 
sequence of microinstructions in FUSITT 1 1012. As will be described further below, FUSITT is an 8K (8192) 
word memory. SDPs provided by FUDISF 24218 are each, as described above, 6 bits wide and may thus 
address a limited, 32 word area of FUSITT 1 1012's address space. FUDISF 24218 is enabled to provide SDPs 

45 to FUSnr 11012 by microinstruction control signals (not shown for clarity of presentation) from FUSITT 
1 101 2. FUDISF 24218 six bit SOPs are encoded by FUDISENC 24219 to address FUSITT 1 1012 address space 
in increments of 4 microinstructions, that is in increments of 4 address locations. FUDISF 24218 SDPs 
thereby address 4 microinstructioris at a time from FUSITT 1 1 012^8 microinstruction sequences. As will be 
described further below, mPC 20276 generates successive microinstruction addresses to FUSITT 11012 to 

50 select successive microinatnjctions of a sequence following an initial microinstruction selected by an SDP 
from FUSDT 11010. An FUDISF 24218 SDP will thereby select the first microinstmction of a 4 
microinstru<^on block, and mPC 20276 will select the following 3 mlCTOinstructions of that 4 
microinstruction sequence. A 4 microinstruction sequence may therefore be executed in line, or 
sequentially, for each FUDISF 24218 SDP provided in response to a generic SOP. FUDISENC 24219 encodes 

55 FUDISF 2421 8 six bit SDPs to select these 4 microinstruction sequences so that the least significant bit of 
these SDPs occupies the 24 bit of FUSITT 1 1 01 2 address inputs, and so on. The two least significant bits of 
an FUSrmi012 address, or SDP, provided from FUDISF 24218 are forced to 0 while the ninth and higher 
bits may be hard-wired to define any particular block of 128 addresses in FUSITT 1 101 2. This hard^ring of 
the most significant bits of FUSITT 11012 addresses from FUDISF 24218 allows a set of generic 

60 microinstruction sequences selected by FUDISF 24218 to be located as desired within FUSITT 11012's 
address space. FUDISENC 24219 is comprised of a set of driver gates. 

As previously described, SDPs for generic microinstructions currentiy being utilized by CS 10110 in 
executing user's programs are written into FUDISF 24218 from Bits 10 to 15 of JPD Bus 10142 
(JPD(10— 15)). Addresses for loading SDPs into FUDISF 24218 are provided, as previously described, from 

65 LADDR 24214. LADDR 24214 is enabled to provide load addresses, and FUDISF 24218 is enabled to be _ 
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written into, by microinstruction control signals (not shown for clarity of presentation) provided from 

^^^FlJeVnWo AF 24220, as previousty described AF 24220 is of larger capacity than FUDISF 24218, but 
has sloX^r access time. AF 24^0 is a 1,024 word by 15 bit memory. In general, 2 clock ^^^^^^ 
5 ?o ob DS^^om AF 24220. During first clock cycle, an SOP is loatted into LOPCODE 2^21 O an^^^^^^ 
second clock cycle, AF 24220 is addressed to provide a corresponding SOP. SDPs P;^v.ded b^^ 24220 a^ 
each 15 bits in width and thus capable of addressing a l^^Oer addrc^space than t^^^^ 
previously described, FUSimi012 is an 8K word memory » FUSITT 11012 

SDP referring to an address location outside of FUSrmi012's address spa;^c FUSlTT 1 01 2 wHI generate 

^0 a microinstruction Not In Control Store output to EVEInTT 20284 as de^nbed 

SDP resulting in this event will then be used to address <^rtaminic|^'"5!~^^^^ ?S^T iSllO 

10112. These microinstructions will then be executed from MEM 10112, rather ton ^^^T f>^^I„\^J^^^^^ 
This operation allows certain microinstruction sequences, for example rarely used microinstruction 
sequences, to remain in MEM 10112, thus freeing AF 24220 and FUSITT 1 1012's address spaces from more 

'5 frequemlyjised SO^ ^^^^ ^^^^^^ ^p^^ ^^^^ currently being used by CS 10116 in 

executing user's programs, from Bits 16-31 of JPD Bus 10142 (JPD(16-31)). Also as previously discussed, 
addresses to load SDPs into AF 24220 are provided from LADDR 24214. LADDR 24214 is enabled to provide 
load addresses and AF 24220 to receive SDPs, by microinstruction control signals (not shown for danty of 

20 presentation) provided from FUSnrnoiZ . ,,.-.«o or.o. 

Referring finally to EUSDT 20266, SDPs may be provided to EU 10122 from 3 sources. EU 10122 SDPs 
may be provided from EUDISF 24222, from JPD Bus 10142 or from literal fields of microinstructions 
provided from FUSITT 1 1012. EUDISF 24222's SDPs are each 12 bits in width and comprise 9 bits of address 
into EUSrrr and 3 bits of operand format information. 

25 EUDISF 24222 is 1,024 word by 12 bit memory. As previously described addresses to read SDPs from 
EUDISF 24222 are provided from OPCODEREG 20268 by concatenating a 4 bit Dialect Code from RDlAt 
24212 and an 8 bit SOP from LOPCODE 24210, SDPs provided by EUDISF 24222 are provided as a first input 

^EU^S ^^4 is a multiplexer. As just described, a first input of EUDISS 24224 are SDPs from EUDISF 
30 24222- A second 12 bit input of EUDISS 24224 is provided from Bits 20 to 31 of Bus 10142 
{JPD(2a-31». A third input of EUDISS 24224 Is a 12 bit input provided from a literal field of an FUSITT 
11012 microinstruction output EUDISS 20224 selects one of these 3 inputs to be transferred on EUDIS Bus 
20206 to be provided as an execute unit SDP to EUSITT. Selection between EUDISS 20224 s mP"^ »s 
provided by mfcrcinstruction control signals (not shown for clarity of presentation) provided from FUSITT 

35 11012. 

As previously described, EUDISF 24222 is loaded, with SDPs for S-Language dialects currently being 
used by CS 10110, from Bits 20 to 31 of JPD Bus 10142 (JPD(20— 31)). Addresses to load SDPs into EUDISF 
24222 are provided, as previously described, from lADDR 20214. FUSITT 11012 provides enable signals 
(not shown for clarity of presentation) to LADDR 24214 and EUDISF 24222 to enable writing of SDPs into 

^^^The stmrture and operation of FUCTL 20214 circuitry for fetching and parsing SlNs from MEM 1 01 12 to 
provide Name syllables and SOPs, and for interpreting SOP to provide SDPs to FUSITT 1 101 2 and EUSITT 
from FUSDT 11010 and EUSDT 20266, have been described above. As described above, SDPs provided by 
FUSDT 11010 and EUSDT 20266 are initial, or starting, addresses pointing to first microinstructions of 

45 sequences of microinstructions. Addresses for microinstructions following those ^^j^^* "^'^^^'^^^'f"^ 
are orovided by FUCTt 2021 4's next address generator circuftry which may include mPC 20276, BRCASE 
20278, REPCTR 20280 and PNREG 20282, EVENT 20284 and SITTNAG 20286. mPC 20276, BRCASE 20278, 
REPCTR 202^ and PNREG 20282, and SITTNAG 20286 are primarily concemed with generation of next 
addresses during execution of microinstruction sequences in response to SOPs and will be described next 

so below EVENT 20284 and other portions of FUCTL 2021 4's circuitry are more concemed with generation of 
microinstruction sequences with regard to CS 10110's internal medianisms operations and will be 
described in a later description. EU 10122 also includes next address generation arcuitry and this arcuitry 
will be described in a following description of EU 10122. 

s acx. Next Address Generator 24310 (Fig. 243) _ 

As stated above, in FU 10120 first, or initial, microinstuctions of microinstruction sequences for 
InterDretlna SOPs are provided by FUSDT 11010. Subsequent addresses of miaxiinstructions within these 
sequences are, in general, provided by mPC 20276 and BRCASE 20278. mPC 20276, as described further 
below, provides sequential addresses for selecting sequential microinstructions of microinstruction 
GO seauences. BRCASE 20278 provides addres^s for selecting microinstructions when a microinstruction 
Branch or microinstruction Case operation is required. REPCTR 20280 and PNREG 20282 provide add re^es 
for writing, or loading, of microinstruction sequences into FUSITT 11012. Other portions of FUCTL 20214 
circuitry, for example EVENT 20284. provides microinstruction sequence selection a<^a*J^,^^^ 
microinstruction sequences for controlling operation of CS 10110's interrtal mechanisms- SrmM^ 20286 
selects between these microinstruction address sources to provide to FUSITT 11012 those addresses 
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required to select microinstructions of the operation to be currently executed by CS 10110, 

Referring to Rg. 243, a partial block diagram of FU 10120's Next Address Generator {NAG) 24310 is 
shown. In addition to FUSDT 11010, NAG 24310 includes mPC 20276, BRCASE 20278, EVENT 20284, 
REPCTR 20280 and PNREG 20282, a part of RCWS 10358, and SITTNAS 20286. EVENT 20284 is, as 
5 described above, primarily concerned with execution of microinstruction s^uences for controlling CS 
10110 interna! mechanisms. EVENT 20284 as shown herein only to illustrate its relationships to other 
portions of NAG 24310. EVENT 20284 will be described further in a following description of FUCTL 2021 4's 
circuitr/ controlling CS 10110's internal mechanisms. Similarly, operation of RCWS 10358 will be 
described in part in the presem description of NAG 24310, and in part in a following description of control 
of CS 10110's internal mechanisms. 

Referring first to NAG 24310's structure, interconnections of FUSDT 11010, RCWS 10358, mPC 20276, 
BRCASE 20278, REPCTK 20280. PNREG 20282, EVENT 20284, and SITTNAS 20^ have been previously 
described with reference to Fig. 202. NAG 24310's structure will be described below only wherein Rg. 243 
differs from Rg. 202, 

'5 Referring first to SITTNAS 20286, SHTNAS 20286 is shown as comprised of EVENT Gate (EVNTGT) 
24310 and Next Address Select Multiplexer (NASIVIUX) 24312. NASMUX 24312 is comprised of NAS« 
Multiplexer A (NASMUXA) 24314, NASMUXB 24316, NASMUXC 24318, and NASMUXD 24320, Outputs of 
EVNTGT 24310 and NASMUXA 24314 to NASMUXD 24320 are ORed to CSADR 20204 to provide 
microinstruction selection addresses to FUSITT 11012. 

^0 ADR 20202 is shown in Rg. 243 as comprised of nine buses. Address A (ADRA) Bus 24322 to Address I 
(ADRI) Bus 24338. Output of EVENT 20284 is connected to input of EVNTGT 24310 by ADRA Bus 24322. 
Outputs of REPCTR 20280 and PNREG 20282 and output of AF 24220 are connected to inputs of NAS MUXA 
24314 by, respectively, ADRB Bus 24324 and ADRC Bus 24326, Outputs of RCWS 10358 and FUDISENC 
24219 are connected to inputs of NASMUXB 24316 by, respectively, ADRD Bus 24328 and AORE Bus 24330. 

^ Outputs of BRCASE 20278 and second output of mPC 20276 are connected to inputs of NASMUXC 24318 
by, respectively, ADRF Bus 24332 and ADRG Bus 24334. Second output of mPC 20276 and JAM output of 
NC 10226 are connected to Inputs of NASMUXD 24320 by, respectively, ADRH Bus 24336 and ADRI Bus 
24338. ADR 20202 thus comprises a set of buses connecting microinstruction address sources to inputs of 
SITTNAS 20286, 

30 Referring to mPC 20276, mPC 20276 is comprised of Micro-Program Counter Counter (mPCC) 24340 
and Micro-Program Counter Arithmetic and Logic Unit (mPCALU) 24342, Data input of mPCC 24340 is 
connected from CSADR Bub 20204. Output of mPCC 24340 is connected to a first input of mPCALU 24342 
and is mPC 20276's third output to BRCASE 2027a Second input of mPCALU 24342 Is a fifteen binary 
number set, for example by hard-wiring, to be binary one. Output of mPCALU 24342 a)mprises mPC 

35 20276'S first output to RCWS 10358, and mPC 20276's second output, to inputs of NASMUXC 24318 and 
NASMUXD 24320. 

BRCASE 20278 is shown in Rg. 243 as comprising Mask and Shift Multiplexer (MSMUX) 24344, Case 
Mask and Shift Logic (CASEMS) 24346, Branch and Case Multiplexer (BCMUX) 24348 and Branch and Case 
Arithmetic and Logic Unit <BCALU) 24350. A first Input of MSMUX 24344 (AQNBC, not previously shown) is 

<o connected from output of AONGRF 20232. A second input of MSMUX 24344 (OFFMUXR, not previously 
shown) is connected from output of OFFMUXR 23812. Output of MSMUX 24344 is connected to input 
CASEMS 24346, and output of CASEMS 24346 is connected to a first input of BCMUX 24348. A second Input 
of BCMUX 24348, BLIT is connected from a literal field output of FUSHT 11012's microinstruction output 
Output of BCMUX 24348 and third output of mPC 20276, from output of mPCC 24340, are connected, 

<s respectively, to first and second inputs of BCALU 24350. Output of BCALU 24350 comprises BRCASE 20278 
outputs to NASMUXC 24318. 

An address to select a next microinstruction may be provided to FUSITT 1 1 012 by SITTNAS 20286 from 
any of eight sources. Rrst source is output of mPC 20276. Output of mPC 20276 is referred to as Micro- 
Program Count Plus 1 <mPC+1) and is fifteen bits of address. Second source is from EVENT 20284 and is 

so comprised of five bits of address. Third source is output of FUDISP 24218 and FUDISENC 24219 and, as 
previously described, is comprised of sbc bits of address. Fourth source is output of AF 24220 and, as 
previously described, is comprised of fifteen bits of address. Rfth source is output of BRCASE 20278. 
Output of BRCASE 20278 is referr^ to as Branch and Case Address (BRCASEADR) and comprises fifteen 
bits of address. Sbcth source is an output of RCWS 103^. Output of RCV\^ 10358 is referred to as RCWS 

55 Address (RCWSADR) and is comprised of fifteen bits of address. Seventh source is REPCTR 20280 and 
PNREG 20282 whose outputs (REPPN) together comprise fifteen bits of address. Finally, eighth source is 
JAM input from NC 10226, which comprises five bits of address. These address sources differ in number of 
bits of address that they provide, but a microinstruction address gated onto CSADR Bus 20202 by SITTNAS 
20286 always comprises filteen bits of address. If a particular source applies fewer than fifteen bits, that 

60 address is extended to fifteen bits by SITTNAS 20286. In general, extension of address bits may be 
performed by hard-wiring of additional address input bits to SITTNAS 20285 from each of these sources 
and will be described further below. 

Referring to mPC 20276, mPCC 24340 is a fifteen bit register and mPCALU 24342' is a fifteen bit ALU. 
mPCC 24340 is, as described above> connected from CSADR Bus 20204 and is sequentially loaded with a 

65 microinstruction address currently being presented to FUSITT 11012. mPCC 24340 will thus contain the 



82 



EP 0 067 556 B1 



address of the current executing microinstruction. mPCALU 24342 is dedicated to incrementing the 
addrKs contained in mPCC 24340 by one. mPC+ 1 output of mPCALU 24342 will thereby always be address 
of next sequential microinstruction. mPC+1 is, as described above, a fifteen bit address and is thus not 
extended in SITTNAS 20286. 
* Referring to BRCASE 20278, as described above BRCASE 20278 provides next microinstruction 
address^ for mPC 20276 Relative Branches and for Case Branches. Next microinstruction addresses for 
microprogram Relative Branches and for Case Branches are both generated as addresses relative to 
address of currently executing microinstruction as stored in mPCC 24340, but differ in the manner in which 
these relative addresses are generated. Considering first Case Branches^ Case Branch addresses relative to 
a currently executing microinstruction address are generated, in part, by MSMUX 24344 and CASEMS 
24346. As described above, MSMUX 24344 which is a multiplexer receives two inputs. Rrst input is AONBC 
from output of AONGRF 20232 and second input is OFFMUXR from output of OFFMUXR 23812. Each of 
these inputs is eight bits, or one byte, in width. Acting under control of microinstruction output from 
FUSnrilOIZ, MSMUX 24344 selects either input AONBC or input OFFMUXR as an eight bit output to input 
of CASEMS 24346. CASEMS 24346 is a Mask and Shift circuit similar in structure and operation to that of 
Fill 20116 but operating upon bytes rather than thirty-two bit words. CASEMS 24346, operating under 
microinstruction control from FUSm 1 1012, manipulates eight bit input from MSMUX 24344 by masking 
and shifting to provide eight bit Case Value {CASEVAL) output to BCMUX 24348. CASEVAL represents a 
microinstruction address displacement relative to address of a currently executing microinstruction and, 

^ being an eight bit number, may express a displacement of O to 255 address locations in FUSITT 1 1012. 

BCMUX 24348 is an eight bit multiplexer, similar in structure and operation to MSMUX 24344, and is 
controlled by microinstruction Inputs provided from FUSITT11012. In executing a case operation, BCMUX 
24348 selects CASEVAL input to MCMUX 24348's output to first input of BCALU 24350. BCALU 24350 is a 
sixteen bit arithmetic and logic unit Second Input of BCALU 24350 is fifteen bit address of currently 
executing microinstruction from mPCC 24340. BCALU 24350 operates under microinstruction control 
provided from FUSITT 11012 and, in executing a Case operation, adds CASEVAL to the address of a 
. currently executing microinstruction. During a Case operation, carry input of BSALU 24350 is forced, by 
microinstruction control from FUSITT 11012, to one so that BCALU 24350's second input Is effectively 
mPC+1, or address of currently executing microinstruction plus 1. Output BRCASEADR of BCALU 24350 

^ vnW thereby be fifteen bit Case address which is between one and 256 FUSITT 11012 address locations 
higher than the address location of the currently executing microinstruction. The actual case value address 
displacement from the address of the currently executing microinstruction Is determined by eitiier input 
AONBC or input OF=FMUXR to MSMUX 24344, and these mask and shift operations are performed by 
CASEMS 24346. 

35 Case operations as described above may be used, for example, in interpreting and manipulating CS 

10110 table entries. For example. Name Table Entries of Name Tables 10350 contain flag fields carrying 
information regarding certain operatioris to be performed in resolving and evaluating those Name Table 
Entries. These operations may be implemented as Case Branches in microinstruction sequences for 
resolving and evaluating those Name Table Entries, In the present example, during resolve of a Name 

^ Table Entry the microinstruction sequence for performing that resolve may direct a byte of that Name Table 
Entry's flag field to be read from AONGRF 20232, or OFFMUXR 23812, and through MSMUX 24344 to 
CASEMS 24346. That microinstruction sequence will then direct CASEMS 24346 to shift and mask that flag 
field byte to provide a CASEVAL That CASEVAL will have a value dependent upon the flags within that flag 
firfd byte and, when added to mPC+1, will provide a FUSITT 11012 microinstruction address for a 

45 microinstruction sequence for handling that Name Table Entry in accordance with those flag bits. 

As described above, BRCASE 20278 may also g^erate miminstruction addresses for Branches 
occurring within execution of a given microinstruction sequence. In this case, microinstruction control 
signals from FUSITT 1 1 01 2 direct BCMUX 24348 to select BCMUX 24348's second input as ou^ to BCALU 
24350. BCMUX 24348'$ second input ts Branch Literal (BUT). As described above, BLIT is provided from a 

so literal field of a microinstruction word from FUSnT11012's microinstruction output. BUT output of BCMUX 
24348 is added to address of currentiy executing microinstruction from mPCC 24340, and BCALU 24350, to 
provide fifteen bit BRCASEADR of a microinstruction address branched to from the address of the currently 
executing microinstruction, BRCASEADR may represent, for example, any of four Branch Operations. 
Possible Branch Operations are: first, a Conditional Short Branch; second, a Conditional Short Call; third, a 

5? Long Go To; and, fourth, a Long Call. In each of these possible Branch Operations, BLTT is treated as the 
twos complement of the desired branch value, that is the microinstruction address offset relative to the 
address of the currentiy executing microinstruction. BLTT field nr^ay therefore be, effectively, added to or 
subtracted from the address of the currently executing mio-oinstruction, to provide a microinstruction 
address having a positive or negative displacement from the address of the currentiy executing 

60 microinstruction. In a Conditional Short Branch or a Conditional Short Call, the fourteen bit literal field is a 
sign extended eight bit number. Both Corulitional Short Branch and Conditional Short Call microir^struction 
addresses may therefore point to an address within a range of +127 to -128 FUSITT 11012 address 
locatiorts of the address of the currentiy executing microinstruction, in the case of a Long Go To or Long 
Call, the BUT field is a fourteen bit number representing displacement relative to the address of the 

ffi curTBntiy executing microinstrutaion. BRCASEADR may, in these cases, represent a FUSITT 11012 
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microinstruction address within a range of 4-8191 to -8192 FUSrmi012 address locations of the address 
of the currently executing microinstruction, BRCASE 20278 thereby provides FU 10120 with capability of 
executing a full range of microinstruction sequence Case and Branch operations. 

Referring to RCWS 10358, as previously described RCWS 10358 stores information regarding 
* microinstruction sequences whose execution has been halted. RCWS 10358 allows execution of those 
microinstruction sequences to be resumed at a later time. A return control word (RCW) may be vyrritten onto 
RCWS 10358 during any microinstruction sequence that issues a Call to another microinstruction 
sequence. The calling microinstruction sequence may, for example, be aborted to service an event, as 
described further in a follovwng description, or may result in a Jam. A Jam is a call for a microinstruction 
sequence which is forced by operation of CS 101 10 hardware, rather than by a microinstruction sequence. 
RCWS 10358 operation with regard to CS 10110's internal mechanisms vwll be described in a following 
description of EVENT 20284, STATE 20294, and MCWI 20290 and MCWO 2029Z For purposes of tiie 
present discussion, that portion of a RCW concemed with Interpretation of SOPs contains, first, certain 
state information from FUSITT 11012 and, second, a return address into FUSfTT 11012. State that FUSITT 
11012 state is provided from STATE 20294, as described below, and that portion of a RCW containing 
FUSnr 11012 state Information will be described in a following description. Microinstruction address 
portions of RCWs are provided from output of mPCALU 24342. This microinstruction address is the address 
of the microinstruction to which FU 10120 is to return upon return from a Call, Event, or Jam. Upon 
occurrence of a Call or Jam, the microinstruction return address is mPC+1, that is the address of the 

20 microinstruction after the microinstruction issuing the Call or Return. For aborted microinstruction 
sequences, the microinstruction return address is mPC, that is the address of the microinstruction 
executing at the time abort occurs. 

Upon return from a call, service of an event, or service of a jam, FU 10120 state flag portion of RCW is 
loaded into STATE 20294. ly/Iicroinstruction return address is provided by RCWS 10358 as fifteen bit 

-25 RCWSADR to SITTNAS 20286 and is gated onto CSADR 202D4. RCWSADR is provided to FUSITT 1 1012 to 
select tiie next microinstruction and is loaded into mPCC 24340 from CSADR 20204^ 

As previously described, RCWS 10^ is connected to JPD Bus 10142 by a bi-directional bus. RCWs 
may be written into RCWS 10358 from JPD Bus 10142, or read from RCWS 10358 to JPD Bus 10142. The 
fifteen bit next microinstruction address portion, and the single bit FUSrmi012 state portion of RCW is 

30 written from or read to Bits 1 6 to 31 of JPD Bus 1 0142. FU 1 01 20 may vimte Present Bottom BOW or Previous 
RCW into RCWS 10358 from JPD Bus 10142 and may read Present Bottom RCW, or Previous RCW, or 
another selected RCW, onto JPD Bus 10142» RCWS 10358 thereby provides a means for storing and 
returning microinstruction addresses of microinstruction sequences whose execution has been 
suspended, and a means for writing and reading microinstruction address, and FUSITT 11012 state flags, 

35 from and to JPD Bus 10142. 

As previously described, REPCTR 20280 and PNREG 20282 provide microinstruction addresses for 
vmting of microinstructions into FUSITT 1 1012. REPCTR 20280 is an eight bit counter and PNREG 20282 is a 
seven bit register. Bght bit output of REPCTR 20280 is left concatenated with seven bit output of PNREG 
20282 to provide fifteen bit microinstruction addresses REPPN. That is, REPCTR 202^ provides tiie eight 

40 low order bits of microinstruction address while PNREG 20282 provides the seven most stgntficant bits of 
address. 

REPCTR may be loaded from Bits 24^-~31 of JPD Bus 10142, and may be read to Bits 24-*~31 of JPD Bus 
10142. In addition, the eight bits of microinstruction address in REPCTR 20280 may be incremented or 
decremented as microinstructions are written into FUSHT 11012. 
45 As described above, PNREG 20282 contains the seven most significant bits of microinstruction 

address. These address bits may be written into PNREG 20282 from Bits 17—23 of JPD Bus 10142. Contents 
of PNREG 20282 may not in general, be read to JPD Bus 10142 and may not be incremented or 
docremented. 

Referring to JAM Input to SITTNAS 20286 from NC 10226, certain Name evaluate or resolve operations 

50 may result in jams. A Jam functions as a call to microinstruction sequences for servidng Jams and are 
forced by FU 10120 hardware drcuitry involved in Name syllable evaluates and resolves. 

JAM input to SITTNAS 20^6 is comprised of six Jam address bits. Three bits are provided by NC 
10226 and three bits ane provided from FUSFTT 1 1012*5 microinstruction output as part of microinstruction 
sequences for correcting Name syllable evaluates and resolves. The three bits of address from NC 10226 

ss form the most significant three bits of JAM address. One of these bits gates JAM address onto CSADR Bus 
20204 and is thus not a true address bit Output of FUSFTT 1 1012 provides the three least significant bits of 
JAM address and specifies the particular microinstruction sequence required to service the particular Jam 
whidi has occurred. Therefore, during Name evaluate or resolves, the microinstruction sequences 
provided by FUSFTT 11012 to perform Name evaluates or resolves specifies what microinstruction 

60 sequences are to be initiated if a Jam occurs. The three bits of JAM address provided by NC 10226 
determine, first, that a Jam has occurred and, second, provide two bits of address which, in combination 
with the three bits of address from FUSITT 11012, specify the particular microinstruction sequence for 
handling that Jam. JAM address inputs from NC 10226 and from FUSFTT 11012 thereby provide six of the 
fifteen bits of JAM address. The remaining nine bits of JAM address are provided, for example, by hard- 

65 wired inputs to NASMUXD 24320. These hard-wired address bits force JAM address to address FUSFTT . 
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11012 in blocks of 4 microinstruction addresses, in a manner similar to address inputs to FUDISF 24218 and 

FUDISENC 24219, ^ . l .i -u ^ •♦u 

Address inputs provided to SITTNAS 20286 from FUSDT 11010 have been previously described with 
respect to description of FUCn. 20214 fetch, parse, and dispatch operations. Address inputs provided by 
EVENT 20284 will be described in a following description of FUCTL 20214's operations with regard to CS 
1 01 10's internal mechanisms. ^^^^ . ^ , ,-t«tt-ri-T 

Referring finally to SITTNAS 20286, as previously described SITTNAS 20286 Is compnsed of EVNTGT 
24310 and NASMUX 24312. Inputs are provided to NASMUX 24312, as described above, from FUSDT 
11010, mPC 20276, BRCASE 20278. RCWS 10358, REPCTR 20280 and PNREG 20282, and by JAM input. 
These inputs are, in general, provided with regard to FUCTL 20214's operations in fetching, parsing, and 
interpreting SOPs and Name syllables. These operations are thereby primarily directly concerned with 
execution of user's programs, that is the execution of sequences of SlNs. NASMUX 24312 selects between 
these inputs and transfers selected address inputs onto CSADR 20204 as microinstruction addresses to 
FUSnr 11012 under microinstruction control from microinstruction outputs of FUSITT 11012, 
^5 Microinstruction address outputs are provided to SITTNAS 20286 from EVENT 20284 in response to Events, 
described further below, occurring In CS 10110's operations in executing user's programs. These 
microinstruction addresses from EVENT 20284 are gated onto CSADR 20204, to select appropnate 
microinstruction sequences, by EVNTGT 24310. EVNTGT 24310 is separated from NASMUX 24312 to allow 
EVNTGT 24310 to over-ride NASMUX 24312 and provide microinstruction address to EVENT 20284 while 
^0 NASMUX 24312 is inhibited due to occurrence of certain Events. These Events are, in general, assodated 
with operation of CS 10110's internal mechanisms and stnicture and operation of EVENT 20284, together 
vwth STATE 20294, MCW1 20290, and MCWO 20292, and other portions of RCWS 10358, will be descnbed 
next below. 

25 cc FUCTL 20214 Contrxjl Circuitry for CS 101 10 Internal Mechanisms {Figs. 244—249) 

Certain portions of FUCTL 20214's Control Circuitiy are more directly concerned wrth operation of CS 
lOIICs internal medianisms, for example CS 10110 Stack Mechanisms. This drcu'itry may indude STATE 
20294, EVENT 20284, MCW1 20290 and MCWO 20292, portions of RCWS 10358, REG 20288, and Timers 
20296. These FUCTL 20214 control eiennents vwll be described next below, beginning wth STATE 20294. 

30 

a^.a. State Logic 20^ (Figs. 244A— 244Z) 
In general, all CS 10110 operations, induding execution of microinstructions, are controlled by CS 
10110's Operating State. CS 10110 has a number of Operating States, hereafter referred to as States, each 
State being defined fay certain operations which may be performed in that State. Each of these States will 

35 be described further below. Current State of CS 10110 is indicated by a set of State Rags stored in a set of 
registers in STATE 20294. Each State is entered from previous State and is ©dted to a following State. Next 
State of CS 101 10 is detected by random logic gating distributed throughout CS 10110 to detect certain 
conditions iruJiceting which State CS 101 10 will enter next Outputs of these Next State Detection gates are 
provided as inputs to STATE 20^'s registers. A particular State register is set and provides a State Flag 

40 output when CS 101 1 0 enters the State assodated with that particular register. State Rag outputs of STATE 
20^'s state registers are provided as enable signals throughout CS 10110 to enable initiation of 
operations allowed within CS 10110's current State, and to inhibit initiation of operations whidi are not 
allowed within CS 10110's current Stata 

Certain of CS 10110's States, and assodated STATE 20294 State Registers and State Rag outputs, are: 

45 (1) MO: the initial State of any microinstruction- 

State MO is always entered as first data cyde of every microinstruction. During MO, CS 10110's State 
may not be changed, thus allowing a microinstruction to be arbitranty aborted and restarted from State 
MO, In normal exwaition of microinstructions. State MO is followed by State Ml, described befow, that is. 
State MO is exited to State Ml . State MO may be entered from State MO and from State Ml, State AB, State 

so LR, State NR, or State MS, each of which will be described below. 

(2) EP: Enable Pause State. State EP is entered when State MO is entered for the first time in a 
microinstruction. If that microinstruction requests a pause, that microinstruction will force State MO to be 
re-entered for one dock cycle. If State MO lasts more than one dock cycle. State EP is entered on each 
extension of State MO unless the extension is a result of a pause request 

S6 (3) SR: Source GRF State. SR State is active for one clock cyde wherein SR State register enables 

loading of a GRF 10354 output register. State SR is re-entered on every State MO cycle except a State MO 
cyde generated by a microinstruction requesting extension of State MO. When all STATE 20294 State 
Registers are deared, DP 20218 may set state SR register alone, for purposes of reading from GRF 10354. 
(4) Ml: Rnal state of normal microinstruction execution. State Ml is the exit State of normal 

&} microinstruction execution. FUSITTIIOU microinstruction register, described below, is loaded vwth a next 
microinstruction upon exit from State Ml. In addition. State Ml Flag output of STATE 20294 enables all CS 
10110 registers to r«:eive data on their inputs, that Is data on inputs of these registers are docked to 
outputs of these registers. State Ml may be emered from State Ml, or from State MO, State MW, State 
MWA, or State WB. 

65 (5) LA: Load Accumulator Enable State. State LA is entered, upon exit from Stale Ml, by 
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microinstructions which read data from MEM 10112 to OFFMUXR 23812. As previously described, 

OFFMUXR 23812 serves as a genera! purpose accumulator for DESP 20210. STATE LA overlaps into 

execution of next microinstruction, and persists until data is retumed from MEM 10112 in respcmse to a 

request to MEM 10112. When MEM 10112 signals data Is available, by asserting DAVFA, LA State Rag 
5 -enables loading of data into OFFMUXR 23812. If the next microinstruction references OFFMUXR 23812, that 

microinstruction execution Is deferred until a read to OFFMUXR 23812 is completed, as indicated by CS 

10110 exiting from State LA. 

(6) RW: Load GRF 10354 Wait State. State RW is entered from State Ml of microinstructions which read 

data from MEM 101 12 to GRF 10354. RW Fag Inhibits initiation of a next microinstruction, that is prevents 
10 entry to State MO, and persists through the CS 101 10 clock cycle during which data is retumed from MEM 

10112 in response to a request State RW initiates Load GRF Enable State, described below, 

{7) LR: Load GRF Enable State. State LR is entered in parallel with State RW, on last dock cyde of RW, 

and persists for one CS 10110 dodc cyde. LR Flag enables writing of MEM 10112 output data into GRF 

10354. 

(8) MR: Memory Reference Trailer State. State MR is entered on transition to State MO whenever a 
previous microinstruction makes a logical or physical address reference to MEM 10112. MR Flag enables 
recognition of any MEM 101 12 reference Events, described beiow, which may occur. State MR persists for 
one dock cycle. If an MEM 10112 memory reference Event occurs, that Event forces exit from State MR to 
States AB and MA, othenwise State MR has no effect upon selection next state. 

20 (9) SB: Store Bade Enable Stale. State SB is entered during State MO of a microinstruction following a 
microinstruction which generated a store back of a result of a EU 10122 operation. SB Flag gates that result 
to be written into MEM 10112 through JPD Bus 10142. 

{10) AB: Microinstruction Abort State. State AB is entered from first MO State after an Event request is 
recognized, as described in a following description. 

25 State AB may be entered from State MO or from State AB and suppresses an entry into State Ml . If 
there has been an uncompleted reference to MEM 10112, that is, the reference has not been aborted and 
data has not retumed from MEM 10112. JP 10114 remains in State AB until the MEM 10112 reference is 
completed. Should an abort have occurred due to a MEM 10112 reference Event, State AB lasts two dock 
cydes only. As will be d^cribed in a following description of EVENT 20284, State MO of a first 

30 microinstrurtion of a Handler for an Event causing an abort Is entered from State AB. AB Rag gates the 
Handler address of the highest priority recognized Event onto CSADR Bus 20204 to select a corresponding 
Event Handler micttMnstruction sequence. EVEIMT 20284 Is granted control of CSADR Bus 20204 during all 
State AB dock cydes, 

n 1 ) AR: Microinstruction Al>ort Reset State. State AR is entered in parallel with first dock cyde of State 
35 AB and perasts for one dock cyde. AR Rag resets various STATE 20294 State Registers when an abort 
occurs. If there arc no uncompteted MEM 10112 references, next State AB dock cycle is the last On 
uncompleted MEM 10112 references. State AR is entered, but State AB remains active until reference is 
complete. Should a higher priority Event request service and be recognized while JP 101 14 is in State AB, 
State AR is reentered. State AB will thereby be active for two dock cycles during all honored Event 
-tfo requ^ts. 

(12) MA: MEM 10112 Reference Abort State MA is entered in parallel with State AB if a MEM 10112 
reference is aborted, as indicated by asserted ABORT control signal output from MEM 10112. State MA 
persists for one dodc cyde and State AB flag generates a MEM 10112 Reference Abort Flag which, as 
described beiow, results in a repeat of the MEM 10112 reference. AB Rag also resets MEM 10112 Trailer 

45 States, described below. 

(13) NW: Nano-interrupt Wait State. State NW is entered from State MO of a microinstruction which 
issues a Nano-interrupt Request to EU 10122 for an EU 10122 operation. FU 10120 remains in State NW 
until EU 10122 acknowledges that interrupt Various EU 10122 Events nrwy make requests at this time. State 
NW is exited into State AB or State Ml. 

50 (14) FM: Rrst Microinstruction of a SIN. State FM Is entered in parallel with State MO on first 
microinstruction of each SIN and persists for one dock cycle. FM Flag inhibits premature use of AF 24220 
and enables recognition of SIN Entry Events. State FM is re-entered upon return from all aborts taken 
during State MO of the first microinstruction of an SIN. 

(15) SOP: Original Entry to Rrst SIN. State SOP is entered upon entry to State MO of the first 
ss microinstruction of an SOP and is exited from upon any exit from that microinstruction. State SOP is 

entered only once for each SOP. SOP Rag may be used, for example, for monitoring performance of JP 
10114. 

(16) EU: EU 10122 (Operand Buffer Unavailable. State EU is entered from State MO of a microinstruction 
which attempts to read data to EU 1 0122 Operand Buffer, descrit>ed in a following description, wherein EU 

60 10122 Operand Buffer is fulL When a new SOP is entered, three fetches of data from MEM 10112 may be 
performed before EU 10122 Operand Buffer is full; two fetches will fill EU 10122 Operand Buffer but EU 
10122 may take one operand during a second fetch, thereby dearing EU 10122 Operand Buffer space for a 
third operand. 

(17) NR: Long Pipeline Read. Entry into State NR disables overiap of MEM 10112 reads and disabl^ 
65 execution of the next microinstruction. A following microinstrucdon does not enter State MO until . . 
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requested data is returned from MEM 10112. State NR is entered from State NR or from State M1- 

(18) NS: Nonpipeline Store Back. State MS is entered in parallel with State SB whenever a 
microinstruction requesting a pipeline store tjack, or a write to MEM 10112, occurs. State NS flag generates 
entry into State MO of a following microinstruction upon exit from State SB. 

(19) WA: Load Control Store State A. State WA is entered from State MO of a microinstruction which 
directs loading of microinstruction into RJSITT 11012. WA State Rag controls sel^on of addresses to 
CSADR Bus 20204 for writing into FUSITT 11012, and generates a write enable pulse to FUSiTT 11012 to 
write microinstructions Into FUSfTT 11012. 

(20) WB: Load Control Store State B. State WB Is entered from State WA and is used to generate an 
appropriate timing interval for writing into FUSITT 11012. State WB also extends State Ml to 2 clock cycles 
to ensure a valid address Input to FUSITT 11012 when a next microinstruction is to be read from FUSHT 
11012. 

Having described certain CS 101 10 states, and operations which may be performed within those states, 
state sequences for certain CS 101 10 operations will be described next below with aid of Rgs, 244A to 244Z. 
Fig. 244A to Rg. 244Z represent those state timing sequences necessary to indicate major features of CS 
10110 state taming. All state timing shown in Rgs. 244A to 244V assumes full pipelining of CS 10110 
operations, for example pipelining of reads from and writes to MEM 101 12 by JP 101 14. Rpelining is not 
assumed in Rgs. 244W to 2442. Referring to Rgs. 244A to 244Z, these figures are drawn in the form of 
timing diagrams, with time increasing from left to right Successive horizontally positioned ''boxes" 
represents successh/e CS 1 01 1 0 states during successive CS 1 01 1 0 1 1 0 nano-second clock cycles. Vertically 
aligned "boxes" represent alternate CS 10110 states which may occur during a particular dock cycle. 
Horizontally extended dotted lines connecting certain states represented in Rg. 244A to 2442 represent an 
indeterminate time interval which is an integral multiple of 110 nano-second CS 10110 clock cycles. 

Referring to Rg. 244A to 244Z in sequence, State Timing Sequences shown therein represent: 

(1) Rg. 244A; state timing for execution of a normal microinstruction with no Events occurring and no 
MEM 10112 references. 

(2) Rg 244B execution of a normal microinstruction, with no Events occurring, no MEM 10112 
references, and a hold in State MO for one dock cyde. 

(3) Fig, 244C; a microinstruction requests an extension of State MO for one dock cyde, with no Events 
occurring and no MEM 10112 references. 

(4) Rg. 244D; a write to MEM 10112 from DESP 20210, for example from GRF 10354 or from OFFALU 
20242. MEM 10112 port is available and MEM 10112 reference is made during first sequential occurrence of 
States MO and Ml. 

(5) Rg, 244E; a write to MEM 10112 from DESP 20210 as described above. MEM 10112 port is 
unavailable for an indetennlnate numtrer of clock cydes. A MEM 10112 reference is made during first 
sequential occurrence of States MO and Ml. 

(6) Rg. 244F; writing of an EU 10122 result back into MEM 101 12. MEM 101 12 is available and a write 
operation is initiated during first sequential occurr^K^e of States MO and M1. 

(7) Rg.244G; writing back of an EU 10122 r^ultto MEM 10112 as described above. MEM 101 12 port is 
unavailable for an undetermined number of clock cycles, or EU 10122 does not have a result ready to be 
written into MEM 1 01 1 2. Write operation is initiated during first sequential occurrence of States MO and Ml . 

(8) Rg. 244H; a read of an EU 10122 result into FU 10120. EU 10122 result is not available for an 
undetermined number of dock cycles. 

(9) Fig. 2441; a read from MEM 10112 to OFFMUXR 23812. witfi no delays. The microinstruction 
following the microinstruction initiating a read frmi MEM 10112 does not reference OFFMUXR 23812. 

(10) Rg. 244J; a read from MEM 10112 to OFFMUXR 23812 with data from MEM 10112 being delayed 
l>y an indeterminate number of dock cydes. The next following microinstruction from that Initiating the 
read from MEM 10112 does not reference OFFMUXR 2^12. 

(11) Rg. 244K; a read from MEM 10112 to OFFMUXR 23812. The next microinstruction followng the 
rhicroinstruction initiating the read from MEM 10112 references OFFMUXR 23812, 

(12) Rg. 244L; a read from MEM 10112 to GRF 103B4. The read to GRF 10354 is initiated by the first 
sequentially occurring States MO and Ml. 

(13) Rg. 244M; a read from MEM 10112 to GRF 10354 and to OFFMUXR 23812. In this case, read 
operations may not be overiapped, 

(14) Rg. 244N; JP 10114 honors an Event request and initiates a corresponding Event Handler 
microinstruction sequence, no MEM 10112 references occur. 

(15) Rg. 2440; JP 10114 honors an Event request as stated above. MEM 10112 references are made 
during the first sequential occurrence of States MO and Ml and a MEM 10112 reference Event occurs. In 
ca^ of an MEM 1 01 1 2 reference event. State MA is entered from one clock cyde. This occurs only if a MEM 
10112 reference is made and atM>rted. 

(16) Rg. 244P; an Evem occurs in a MEM 10112 reference made during the first sequential occurrence 
of States MO and Ml. The MEM 10112 reference does not result in a memory reference Event. CS 10110 
remains in State AB until the MEM 10112 reference is completed by return of data from MEM 1011Z 

(17) Rg. 244Q; a read of data from MEM 10112 or JPD Bus 10114 to EU 10122 Operand Queue. EU 
10122 Operand Queue is not full. 
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(18) Fig. 244R; a read of MEM 10112 or JPD Bus 10142 data to EU 10122 Operand Queue. EU 10122 
Operand Queue is full \Artien the nr>icroinstruction initiating the read is issued. 

(19) Rg. 244S; a request for a "nano-interrupt" to EU 10122 by FU 10120 with no Events occurring, 
(201 Fig. 244T; FU 10120 submits a "nano-interrupt" request to EU 10122 and an EU 10122 State 

5 Overflow, described further in a following description, occurs. No other Events are recognized, as 
described in a following description of EVENT 20284, 

(21) Rg. 244U; FU 10120 subniits a "nano-interrupt" request to EU 10122. Another Event is recognized 
during State MO and an abort results. Rrst abort state is entered for the norvEU 10122 event All aborts 
recognized in State MO are taken or acknowledged, before entrance into State MO. Therefore, on retry at 

10 State MO of the original microinstruction entered from State MO, next abort recognized is for EU 10122 
Stack Overflow Event since EU 10122 Stack Overflow has higher priority. 

(22) Rg. 244V; a load of a 27 bit microinstruction segment into FUSITT 11012. 

In Rgs, 244Ato 244V, pipelining MEM 10112 reads and writes, and of JP 10114 operations, has been 
assumed. In Bgs. 244W to 244Z, non-overlapping operation of JP 10114 is assumed. 
75 (23) Rg. 244W; a read of data from MEM 10112 to OFMUXR 23812* 

(24) Rg. 244X; a read of data from MEM 101 12 to EU 10122 Operand Queue. 

(25) Rg. 244Y; a write of an EU 10122 result into MEM 10112, 

(26) Rg. 2442; a read of a 32 bit SIN word from MEM 10112 in response to a prefetch or conditional 
prefetch request 

20 Having described the general structure and operation of STATE 20294« and the operating states and 

operations of CS 101 10, structure and operation of EVENT 20284 will be described next below. 

b.b,b. Event Ijogic 20284 (Figs. 245, 246, 247, 248) 
An Event is a request for a change in sequence of execution of microinstructions which is generated hy 
26 CS 1 01 1 0 circuitry, rather than by currently executing microinstructions. Occurrence of an Event will result 
in provision of a microinstruction sequence, referred to as an Event Handler, by FUSTTT 11012 wrtiich 
modifies CS 101 lO's operations in accordance with the needs of that Event Event request signals may be 
generated by CS 10110 circuitry internal to JP 10114, that Is from FU 10120 or EU 10122 or CS 10110 
drcuttry extemal to JP 101 14, for example from lOP 101 16 or from MEM 10112. Event request signals are 
30 provided ^ inputs to EVENT 20284. As wilt be described further below, EVENT 20284 masks Event 
Requests to determine which Events will be recognized during a particular CS 10110 Operating State, 
assigns priorities for sen/icing multiple Event Requests, and fabricates Handler addresses to FUSiTT 11012 
for microinstruction sequences for senricing requests. EVENT 20284 then provides those Handler 
microinstruction addresses to FUSITT 1 1012 through EVNTGT 24310, to initiate execution of selected Evem 
35 Handler microinstruction sequences. 

Certain terms and expressions are used throughout the following description. The following 
paragraphs define these usages and provide example illustrating these terms. An Event "mak^ a 
request^ when a condition in CS 10110 hardware operation results in a Event Request signal being 
provided to EVENT 20284. As will be described further below, these Event Request signals are provided to 
40 EVENT 20284 combinatorial logic which determines the validity of those "requests". 

An Event Request "is recognized" if it is not masked, that is inhibited from being acted upon. Masking 
may be explicit using masks generated by FUSITT 11012, or may be implicit, resulting from an improper 
CS 10110 State or invalid due to other oor^iderattons. That is, certain Events are recognized only during 
certain CS 10110 States even though those requests may be recognized during certain other states. Any 
39S number of requests, for example up to 31, may be simultaneously recognized. 

An Event Request is "honored" if it is the highest priority Event Request occurring. When a request is 
honored, a corre^x)nding address, of a corresponding microinstruction sequence in FUSITT 11012, for its 
Handler microinstruction sequence is gated onto CSADR Bus 20204 by EVENT 20284. A request is honored 
when CS 10110 enters State A6. State AB gates the selected Event Handier microinstruction address on 
60 CSADR Bus 20284. 

To summarize, a number of Events may request service by JP 10114. Of these Events, all, some, or 
none, may be recognized. Only one Event Request, the highest priority Event Request^ will be honored 
when JP 10114 emers State AB. Microinstruction control of CS 10110 will then transfer to that Events 
Handler microinstruction sequence. A necessary condition for entering State AB is that an Event Request 
65 .has been made and recognized. 

A microinstruction sequence "completes", 'Is completed", or reaches "completion" when CS 10110 
exits State Ml while that microinstruction sequence is active, A microinstruction sequence may, as 
desccibed above, be aborted in State MO an indefinite number of times before, if ever, reaching completioru 

A MEM 10112 reference "completes", "is completed", or reaches "completion" when requested data 
60 is returned to the spec'rfted destination, that is read from MEM 10112 to the requestor, or MEM 10112 
accepts data to be written into MEM 10112. 

'Trace Traps" are an inherent feature of microinstructions being executed. Trace Traps occur on every 
microinstruction of a given type (if not masked), for example during a sequence of microinstructions to 
perform a Name evaluate or r^olve, and occur on each microinstruction of the sequence. In general, a 
65 Trace Trap Event must be serviced before execution of the next microinstruction. Trace Traps are distinct . 
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from Intermpts in that an Interrupt, described below, does not occur on execution of each microinstruction 
of a microinstniction sequence, but only on those microinstmctions where certain other conditions must 
be considered. 

'Interrupts" are the largest class of events in JP 1 01 14. Occurrence of an interrupt may not. In general, 
^ be predicted for a particular execution of a particular microinstruction In a particular instance. Interrupts 
may require service before execution of the next microinstruction, before execution of the current 
microinstruction can complete, or before beginning of 4he next SIN, An Interrupt may be unrelated to 
execution of any microinstruction, and is serviced before beginning of the next microinstruction. 

A "Machine Check" is an Event that JP 10114 may not handle alone, or whose occurrence makes 
further actions by JP 101 14 suspect These events are captured In EVENT 20284 Registers and result in a 
request to DP 10118 to stop operation of JP 10114 for subsequent handling- 

In summary, three major classes of Events in CS 10110 are Trace Traps, Interrupts, and Machine 
Checks, Each of these class of events will be described in further detail below, beginning with Trace Traps. 

Th(3 State of all possible Trace Trap Event Requests, whether requesting or not requesting, is loaded 
^5 into EVENT 20284 Registers at completion of State Ml and at completion of State AB. That is, since Trap 
Requests are a function of the currentiy executing microinstruction, the State of a Trap Request will be 
loaded into EVENT 20284 Trace Trap Registers at end of State Ml of each currently executing 
microinstruction. Similarly, if any Trap Requests are recognized. State AB will be entered at the end of the 
first clock cycle of the next following State MO and their State loaded at end of the State AB. 
20 Recognized, or unmasked. Trap Requests may be pushed onto RCWS 10358 as Pending Requests. 

Unrecognized, or masked. Trace Trap Requests may be pushed onto RCWS 10358 as Not Pending Requests 
and are subsequently disregarded. Subsequentiy, when a microinstruction sequence ends in a return to a 
calling microinstruction sequence, the Trace Trap Request bits in an RCWS 10358 may be used to generate 
Trace Trap Event Requests, 

25 Upon exit from State AB, all Trace Trap Requests, except Micro-Break-Point and Microinstruction Trace 

Traps, described below, are loaded Into corresponding EVENT 20284 Trace Trap Request Registers as not 
requesting. Micro-Break-PoJnt and Microinstruction Trace Traps, are, in general, always latched as 
requesting at completion of State AB, Trace Traps may be explicttiy ma^ed by a Trace Mode Mask, an 
indivisibility Mode Mask, and by a Trace Enable input, all generated by FUSITT 11012 as described below. 

50 Micro-Break-Point Trap may also be masked by clearing a Trace Enable bit In a Trace Enable field of certain 
mlcroinstructiorts containing Trace Traps. In general, maskfrtg is effecth^e from State MO of the 
microinstruction whi<^ generates the mask, through completion of a microinstruction which clears the 
mask Trace Traps generated by a microinstruction which clears a mask are taken so as to abort a following 
microir)struction during Its MO State. 

ss Referring to Fig. 245, CS 10110 state timing for a typical Trap Request and generation of a 

micToinstrucaion address to a corresponding Trace Trap Handler microinstruction sequence by EVENT 
20284 is diown. Rg. 245 is drawn using the same conventions as described above with reference to Rg. 
244A to 244Z. In Rg. 246, a microinstruction executing in States MO and M1 causes a Trace Trap Request 
but docs not generate an MR (Memory Reference) Trailer State. Trace Trap Request to EVENT 20284 is 

<o signaled by Time A. This Trace Trap Request is latched into EVENT 20284 Trace Trap Event Registers, and 
an Abort Request is provided to STATE 20294. At Time B, FU 10120 enters States AB and AR. The 
microinstruction address for a Handler microinstruction sequence of the highest priority Event present In 
EVENT 20284 is presented to FUSITT 11012 and execution of the addressed microinstruction sequence 
begins. At Time C, FU 10ia) exits States AB and AR and enters State AB. State AB vwll be exited at end of 

^ the next 110 nanosecond dock cyde. Address of the selected Event Handler microinstruction sequence will 
remain on CSADR Bus 20204 for duration of State AB, At Time D, a pointer into RCWS 10358, described in a 
following description, is incremented, thereby effectively puling the first microinstruction's return control 
word, that is the microinstruction executing at first State MO, onto RCWS 10358. Rrst microinstruction of 
the TrecB Trap Event Handier microinstruction sequence is provided by FUSHT 11012. Execution of 

so Handler microinstruction sequence will begin at start of the third State MO of the state timing sequence 
shown in Fig. 245. EVENT 20284's Trace Trap Register for this event is now latched in nonrequesting state 
and will remain so until transition out of second State Ml shown in Rg. 245. At tiiis time, EVENT 20284 
Registers will latch new Trap Requests. Rnally, at Time E, Trace Trap Event Registers of EVENT 20284 are 
latdied v«th new Trap Requests arising from execution of the microinstruction being executed in States MO 

55 and Ml occurring between Times D and E. Traps due to the microinstruction that was executed in States 
MO and Ml before Time A, but were not serviced, are requested again when the previously pushed RCW 
described above is returned from RCWS 10358 upon rctum from the Trace Trap Event Handler 
microinstruction sequence initiated at Time D. All Trace Trap Requests which have been serviced are 
explidtiy deared in RCWS 10358 RCWs by their Event Handler microinstruction sequences to prevent 

€0 recurrence of those Trap Requests. Since Trace Trap Event Requests arising from reads or writes to MEM 
10112 will recur if those requests are repeated, EVENT 20284 generates memory repeat Interrupts after all 
aborted MEM 10112 read and write requests to insure that these Traps will eventually be serviced. Event 
Handler microinstruction sequences for these read and write Trace Trap Events explidtiy disable serviced 
Trace Trap Event Requests l>y clearing bits in the logical descriptor of the aborted memory read and write 

65 requests. 
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Having described overall structure and operation of Trace Trap Events, certain specific Trace Trap 
Events will be described In greater detail below. Trace Trap Events occurring in CS 1Q112 may include 
Name Trace Traps, SOP Trace Traps, Microinstruction Trace Traps, Micro-Break-Point Trace Traps, Logical 
Write Trace Traps, Logical Read Trace Traps, UID Read Trace Traps, and UID Write Trace Traps. These 
Trace Traps will be described below in the order named,. 

A Name Trace Trap is requested upon every microinstruction sequence that contains an evaluate or 
resolve of a Name syllable. Name Trace Traps are provided by decoding certain microinstruction nelds of 
those microinstruction sequences. Name Trace Trap field is masked by either Trace Mask, Indivisibility 
Mask, or Trace Enable, as described above. Alt of th^ masks are set and cleared by microinstruction 
control signals provided during microinstruction sequences calling for resolves or evaluates of Name 
syllables. 

A SOP Trace Trap may be requested whenever FU 10120 enters State FM (first Microinstruction of an 
SOP), SOP Trace Traps may be masked by Trace Mask, Indivtsibilfty Mask, or Trace Trap Enable, again 
provided by microinstruction control outputs of FUSITT 11 01 2. In general, the first microinstruction of such 
a microinstruction sequence Interrupting such SOPs Is not completed before a Trace Trap is taken. 

Microinstruction Trace Traps may be requested upon completion of microinstructions which do not 
contain a Return Command, that is those microinstructions which do not retum microinstruction control of 
CS 10110 to the calling microinstruction sequence. For microinstruction sequences containing Return 
Commands, state of microinstruction Trace Trap Request in a corresponding RCW is used. Every 
microinstruction for which a Microinstruction Trace Trap is not masked is aborted during State MO of 
execution of that microinstruction. Microinstruction Trace Traps may be masked by Trace Mask, 
Indivisibility Mask, or Trace Enable from FUSfTT 11012* A M'cro-Break-Point Trap may be requested upon 
execution of microinstructions which do not contain Retum Commands, but in which a Trace Enable bit in a 
microinstruction is asserted. A Micro-Break-Point Trap may be masked by Trace Mask, Indivisibility Mask, 
or Trace Enable. In addition, a Trace Enable bit of a microinstruction field in these microinstruction 
sequences controls recognition of Micro-Break-point Traps. Micro-Break-Point Traps are thereby requested 
whenever a microinstruction Trace Trap is requested, but have additional enabling conditions expressed in 
the microinstructions. Since only recognized Traps are pushed onto RCWS 10358 in a RCW, a 
Mlwoinstruction Trace Trap and a Micro-Break-Point Trap having different request states may be present in 
RCWS 10358 conojrrenUy. 

Logical Write Trace Traps may be requested when enabled by a bit set in a logical descriptor during a 
microinstruction sequence submittir>g a write request to MEM 101 12 and using logical descriptors to do so. 
Logical Write Trace Traps are recognized only If they o(xur during a state which will be immediately 
followed by State MR (Memory Reference Trailer), A Logical Write Trace Trap will result in the MEM 101 12 
write request being at)orted- Logical Write Trace Traps may be masked by Trace Masks, Indwisibility Mask, 
or Trace Trap Enable. A furti^er condition for recognition of a Logical Write Trace Trap is determined by the 
state of certain bits In a logical descriptor of the memory write request. Logical Write Trace Traps are, in 
general, not pushed onto RCWS 10358 as part of a RCW since aborted MEM 10112 requests are re- 
generated so that Logical Write Trace Traps may be repeated. 

Logical Read Trace Traps are similar in all respects to the Logical Write Trace Traps, but occur during 
MEM 10112 read requests. Generation of Logical Read Trace Traps is controlled again in part by certain bits 
in logical descriptors of MEM 10112 read requests. 

In certain implementations of CS 101 10, UID Trace Traps may be requested when FU 10120 requests an 
MEM 10112 read operation based upon a UID address or pointer. UID Read Trace Traps are recognized if 
requested and there is, in general, no explicit masking of UID Read Trace Traps. Generation of UID Read 
Trace Traps is controlled by certain bits in MEM 10112 read request logical descriptors. UID Read Trace 
Trap Requests result in the MEM 10112 read requests being aborted and CS 10110 entering State AB. 
Handler microinstruction sequences for UID Read Trace Traps wilL in general, reset the trapped enable bit 
in the MEM 10112 read request logical descriptor before re-issuing the MEM 10112 read request. 

UID Write Trace Traps are similar to UID Read Trace Traps, and are controlled by bits in the logical 
descriptor in MEM 10112 write request based upon UID addresses or pointers. 

Having described above structure and operation of Trace Trap Events, CS 101 10 Interrupt Events will 
be described next below. 

As previously described. Interrupts form the largest class of CS 101 10 Events. Interrupts may be 
regarded as falling into one or more of several classes, Rrst, Memory Reference Repeat Interrupts are those 
Interrupt Events associated, in general, with read and write requests to MEM 101 12 in which a read or write 
request is submitted to MEM 101 12, and an Interrupt Event results. That Interrupt Event is handled, and the 
MEM 10112 request repeated. Second, Deferred Service Interrupts are those Interrupts wherein CS 10110 
defers service of an Interrupt until entry to a new SIN. Fourth, Microinstruction Service Interrupts occur 
when a currentiy executing microinstruction requires assistance of an Event Handler microinstruction 
sequence to be completed. Finally, Asynchronous Interrupt Events may occur at any time and must be 
serviced before CS 10110 may exit State MO of the next microinstruction. These Interrupt Events will be 
described next below in the order named. 

A Mennory Reference Repeat Interrupt is requested, for example, if a microinstruction executes a 
command, and a corresponding RCW read from RCWS 10358 indicates that a memory reference was 



90 



IS 



20 



25 



EP 0 067 556 B1 

aborted before entrance to the miCToinstruction «squence from which return was executed. This type of 
Interrupt Event occurs for all aborted memory references. If an event is honored, that is abort state is 
entered, for any event and there is a memory reference outstanding, not aborted, the memory reference 
completes before State AB is exited. No memory Repeat Interrupt Request will be written into the RCW 
5 written onto RCWS 10358. Conversely, rf a memory reference Is aborted, even if the event honored is not 
that event which aborted the memory reference, a Memory Repeat Interrupt Request will be written into a 
RCW pushed onto a RCWS 10358, ^ , . u . ♦u^.- 

There are two state timing sequences for execution of Memory Repeat Interrupts. In the first case, there 
ar^ no MEM 10112 references in the mcroinstruction executing a Retum Command. In the second case, a 
10 microinstruction executing a Retum Command executes a return and also makes a MEM 1 01 12 reference. 
Referring to Fig. 246, a CS 10110 State Timing Diagram for the first case is shown. Rg. 246 is drawn using 
the same conventions as used in Rg. 244 and 245, As described above, in the first case a microinstruction 
executing a Retum Command is executed in States MO and Ml foilowving Time D. An aborted MEM 10112 
reference v^ms made in States MO and Ml preceding Time A. An MEM 10112 Reference Abort Request is 
made upon CS 101 lO's entry into State MR following Time A. Since a Memory Repeat Interrupt is requested 
only from a RCW provided by RCWS 10358, a Memory Repeat Interrupt is indicated only if a 
microinstruction executes a Return Command resulting In RCWS 10358 providing such an RCW. Therefore, 
a Memory Repeat Interrupt Request Register of EVENT 20284 is loaded with "not requesting" at this time. 
At Time B, CS 10110 enters State AB, State AR, and State MA. At this time, a Memory Reference Abort 
Request is asserted and written into an RCW when State AB is exited just before Time D. At Time D, CS 
101 10 exits State AR and State MA. As just described, CS 101 10 will remain in State B until Time D. At Time 
D, Memory Reference Abort Request is written into RCWS 10358 as part of an RCW and, as described 
further below, various RCWS 10358 Stack Pointers are incremented to load that RCW into RCWS 10358. At 
this time, EVENT 20284's Interrupt Request Register receh^s "no requesT' as state of Memory Repeat 
Interrupt Rrst microinstruction of Memory Repeat Interrupt Handier microinstruction sequence is provided 
by FUSrrr 11012, At Time E, the last microinstruction of the Memory Repeat Interrupt Handler 
microinstruction sequerwe is provided by FUSITT 11012 and a Retum Command is decoded. RCWS 10358 
Previous Stack Pointer, previously described, Is selected to address RCWS 10358 to provide the previously 
written RCW as output to EVENT 20284's Memory Repeat Interrupt Event Register. At Time F, EVENT 
30 20284's Memory Repeat Interrupt Register is loaded from output of RCWS 10358 and RCWS 10358's Stack 
Register Pointers are decremented. At this time. Memory Repeat Interrupt Request is made and, as 
described below, is written into the current Retum Control Word, whether honored or not JP 10114 then 
repeats the aborted MEM 10112 reference. 

In the second case, a State Timing Sequence wherein the microinstruction executing a return also 
makes a MEM 10112 reference, CS 10110 State Timing is identical up to Time F. At Time F, MEM 10112 
Repeat request is not recognized end the state of Memory Repeat Interrupt written Into the current Retum 
Control Word is ''not requesting" unless a current MEM 10112 reference is aborted. The previous MEM 
10112 Repeat Interrupt Request is disregarded as it is assumed that it is no longer required. Thus, there are 
two ways to avoid, or cancel a Memory Repeat Interrupt Request First that portion of a RCW receiving a 
MEM 10112 Repeat Interrupt Request may be rewritten as "not requesting". Second, an aborted MEM 
10112 reference may be made in the same microinstruction that returns from a Handler servicing the 
aborted MEM 10112 reference. 

Certain CS 10110 Events result in aborting a MEM 10112 read or write references and may result in 
repeat of MEM 10112 references. These events may include: 

(1) Logical read and write Traps and, in certain implementations of CS 10110, UiD read and write Traps, 
previously discussed; 

(2) A PC 10234 miss; 

(3) Detection of a protection Violation by PC 10234; 

(4) A Page Crossing in a MEM 10112 read or write request; 

50 (5) A Long Address Translation, that Is an ATU 10228 miss requiring JP 10114 to evaluate a logical 

descriptor to provide a corresponding physical descriptor; 

(6) Detection of a reset dirty bitflag from ATU 10228 upon a MEM 10112 write request as previously 
described; 

(7) An FU 10122 stack overflow; 

(8) An FU 10122 Illegal Dispatdi; 

(9) A Name Trace Trap event as previously described; 

(10) A Store Back Exception, as will be described below; ^ 

(11) EU 10122 Events resulting in aborting of a Store Back, that is a write request to MEM 10112 from 
EU 10122; 

(12) A read request to a non-accelerated Stack Frame, that is a Stack Frame presently residing in MEM 
10112 rather than accelerated to JP 10114 Stack Mechanisms; and, 

(13) Conditional Branches in SIN sequences reailting outstanding MEM 10112 read reference from 
RIEF 20260; and, ^ ^ -r u 

Of these Events, Logical Read and Write Traps, UID Read and Write Traps, and Name Trace Traps have 
been previously described. Other Events listed above will be described next below in further detail. 
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A PC 10234 Miss Interrupt may be requested upon a logical MEM 10112 reference, that is when a 
logical descriptor is provided as input to ATU 10228 and a protection state is not encached in PC 10234. PC 
10234 will, as previously described, indicate that a corresponding PC 10234 entry is not present by 
providing a Event Protection Violation (EVENTPVIOL) output to EVENT 20284. PC 10234 will concurrently 
s assert an Abort output (ABORT) to force CS 101 10 into State AB and thus abort that MEM 101 12 reference, 

A Page Crossing MEM 10112 Reference Interrupt Is requested if a logical MEM 10112 reference, that is 
a logical descriptor, spedfies an operand residing on two logical pages of MEM 10112. An output of ATU 
10228 will abort such MEM 10112 references by asserting an Abort output (ABORT). 

A Protection Violation Interrupt is requested if a logical MEM 10112 reference does not possess proper 
?f access rights, a mode violation, or if that reference appears to refer to an illegal portion of that object, an 
extent violation. Again, PC 10234 will indicate occurrence of a Protection Violation Event, which may be 
disabled by a microinstruction control output of FUSHT 11012. 

A Long Address Translation Event may be requested upon a logical MEM 10112 reference for which 
ATU 10226 does not have an encached entry. ATU 10228 will abort that MEM 10112 reference by asserting 
„ outputs ABORT and Long Address Translation Event (EVENTLAT). 

A Dirty Bit Reset Event Interrupt may be requested when JP 101 14 attempts to write 1x> an MEM 10112 
page having an encached entry in ATU 10228 whose dirty bit is not set ATU 10228 will abort that MEM 
10112 write request by asserting outputs ABORT and Write Long Address Translation Event (EVENTWLAT). 

An FU 10120 User Stack Overflow Event may be requested if the distance between a Current Frame 
20 Pointer and a Bottom Frame Pointer, previously described with refereni^ to CS 1 01 10 Stack Mechanisms, is 
greater than a ghren value. As previously described, in CS 10110 this value is eight. A User Stack Overflow 
Event will continue to be requested until either Current Frame Poirrter or Bottom Frame Pointer changes 
value so that the difference limit defined above is no longer violated. A User Stack Overflow Event may be 
masked by a Trace Mask, an Indhnsibility Mask, or by enable outputs of a microinstruction from FUSHT 
25 1 1 01 2. A Handler microinstruction sequence for User Stack Overflow Events must be executed with one or 
more of these masks set to prevent recursion of these events. CS 101 10 is defined to be running on Monitor 
Stack (MOS) 10370 when User Stack Overflow Events are masked. User Stack Overflow Events are not 
loaded into any of EVENT 20284's Event Registers, nor are these events written into a RCW to be written 
onto RCWS 10358. 

30 Illegal EU 10122 Di^tch Evwts are requested by EUSDT 20266 if FU 10120 attempts to dispatch, or 

provide an initial microinstruction sequence address, to EU 10122 to a EUSTTT address which is not 
accessaWe to a user's program. Illegal EU 10122 Dispatch Events are, in general, not masked. Illegal EU 
10122 Dispatch Event Requests are cleared upon CS 10110 exits from State AB. The Handler 
microinstruction sequence for Illegal EU 10122 Dispatch Events should, in general, reset Illegal EU 10122 

55 Dispatch Event entries in RCWs to prevent recursion of these events. 

EU 10122 will indicate a Store Back Exception Event if any one of a number of exceptional conditions 
arise during arithmetic operations. These events are recognized when CS 10110 enters State SB and are 
ignored except during Store Back to MEM 10112 of EU 10122 results. These Events may be disabled by 
micrwnstruction output of FUSITT 1 1012 but are, in general, not masked. Store Back Exception Events may 

40 be written into RCWs, to be stored in RCWS 10358, and are cleared upon CS 10110's exit from State AB. 
Again, a Store Back Exception Event Handler microinstruction sequence should reset Store Back Exception 
Events written Into RCWs to prevent recursion of these events. 

As described above, the next major dass of Interrupt Events are Deferred Service Interrupts. CS 101 10 
defers sen/ice of Deferred Service Interrupts until entry of a new SOP Deferred Service Interrupts whi<^ 

4S have been recognized will be serviced before completion of execution of the first microinstruction of that 
new SOP. Deferred Service Interrupts include Nonfatal MEM 10112 Enrors, Interval Timer Overflows, and 
Interrupts from lOS 10116. These Interrupts will be described below, in the order named. 

A Nonfatal MEM 10112 Interrupt is signaled by MEM 10112 upon occurrence of a correctable (single 
bit) MEM 10112 error. Nonfatal Memory Error Interrupts are recognized only during State MO of the first 

so microinstruction of an SOP. MEM 10112 will continue to assert Nonfatal Memory Error Intenaipt until JP 
10114 Issues an acknowledgement to read MEM 10112's Error Log. 

An Interval Timer Overflow Interrupt is indicated by TIMERS 20296 when, as described below, an 
Interval Timer increments to zero, thus indicating lapse of an allowed time limit for execution of an 
operation. Interval Timer Overflow Interrupts are recognized during State MO of the first microinstruction of 

55 a SOP. TIMERS 20296 will continue to request such interrupts until cleared by a microinstruction output of 

Fusrmioi2. 

lOS 10116 will indicate an IDS 10116 Interrupt to indicate that an inter-processor message from lOS 
10116 to JP 10114 is pending. lOS 101 16 will continue to assert an iOS 10116 Interrupt Request, which is 
stored in a register, until cleared by a microinstruction control output of FUSITT 11012. lOS 101 16 Interrupts 
€0 are recognized during State MO of the first microinstruction of an SOP. 

The next major class of CS 10110 events are Interrupts due to the requirement by microinstruction 
sequences to be serviced in order to complete execution. These Interrupts must be serviced before a 
microinstruction sequence may be completed. Microinstruction Service Interrupts include Illegal SOP 
Events, Microinstructions Not Present in FUSPTT 11012 Events, an attempted parse of a hung IN STB 20262, 
& underflow of an FU 10120 Stack, an NC 10226 Cache Miss, or an EU 10122 Stack Overflow. Each of these 
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events will be descnbed below, in the order named. 

An Illegal SOP Event is indicated by FUSDT 1 1010 to indicate that a current SOP Code is a Long Code, 
that is greater than eight bits, white the current dialect (S-Language) expects only Short Operation Codes, 
that is eight bit SOPs, An Illegal SOP Interuipt is not detected for unimplemented SOPs within the proper 
^ code length range. Illegal SOP Events are, in general, not masked* FUSDT 11010 continues to indicate an 
illegal SOP Event until a new SOP is loaded into OPCOOEREG 202^. Illegal SOP Events are recognized 
during the first microinstruction of an SOP, that is during State FWI. Should a Handler microinstruction 
sequence for a higher priority event change contents of OPCODEREG 20268, a previous Illegal SOP Event 
will be indicated again when the aborted SOP is retried. 

Absence of a Microinstruction in FUSrmi012 is indicated by FUSITT 1 1012 asserting a Control Store 
Address Invalid (CSADVAUD). This FUSITT 11012 output indicates that that particular microinstruction 
address points outside of RJSITT 11012's address space. Output of FUSITT 11012 in such event is not 
determined and parity cheddng, described below, of microinstruction output is inhibited. The Handler 
microinstruction sequence for these Events will load FUSITT 11012 address zero witii the required 
microinstruction from MEM 10112, as previously described, and return to the original microinstruction 
sequence. 

An attempted parse of a hung INSTB 20262 is indicated by INSTBWC 241 10 when a parse operation is 
attempted, INSTB 20262 is empty, and PREF 20260 is not currently requesting SINs from MEM 10112. In 
general, th^e Events are not masked, if a higher priority Event is serviced, these Events are indicated again 
vi^en the aborted microinstruction is retried if the original conditions still apply. 

An FU 10120 Stack Underflow Event is reque^d when a current microinstruction references a 
Previous Stack Frame which is not in an accelerated stack, that is, the Current Stack Pointer equals Bottom 
Stack Pointer. FU 10120 Underflow Events are, in general, not masked and are requested again on a retry if 
the microinstruction is aborted and this event has not been serviced. 
^5 An NC 10226 Miss Interrupt occurs on a MEM 1 01 12 read or write operation when a load or read of NC 

10226 is attempted and there is no valid NC 10226 block corresponding to that Name syflable. An NC 10226 
Miss Event does not result in a request for a Name evaluate or resolve. In general, these Events are not 
masked and result in a request being issued again if the microinstruction resulting in that Event is retried 
and has not be^ servfced. ^ , ^^^^^ . _^ 

^ An EU 10122 Stack Overflow Event is requested from EU 10122 to indicate that EU 10122 is currently 
already servicing at least one level of Interrupt an FU 10122 is requesting another As will be descnbed in a 
followinq description of EU 10122, EU 10122 contains a one level deep stack for handling of I'^ermpts^U 
10122 Stock Overflow Events are enabled during State NW. All previously pendmg events w»" have been 
serviced before EU 10122 Stack Overflow Event requests are recognized. These Events will fe servic^ 
^ immediately upon entry Into a following State MO, being the highest prionty interrupt event EU 10122 
Stack Overflow Events may, in general, not be ma^^ed and once recognized are the next honored event 
finally, the third major dass of CS 10110 Interrupt Events are Asychronous Evwts. Asynchronous 
Events must in general, be serviced before exiting State MO of a microinstruction after they are recognized. 
Asychronous Events include Fata! Memory Error Events, AC Power Failure 
^ Events, and EU 10122 Stack Underflow Events. CS 10110 Egg Timer is a part of TIMERS 2«^6and will be 
discussed as part of TIMERS 20296. These events will be described below, in the order referred to. 

Fatal MEM 10112 Error Events are requested by MEM 10112 by assertion of control signal outpu^ 
PMODI, previously desCTibed, >A^en last data read from MEM 10112 contains a "O"?^';^,^*^^^^ ^^^^ 
MEM 10112 Error Events are recognized on first State MO after occurrence. Fatal MEM 10112 Errdr Events 
are stored in an EVENT 20284 Event Register and are cleared upon entry into its service microinstruction 
sequwce. In general. Fatal MEM 10112 Enx>r Events may not be maskwl, .rcA aii nP 

AC Power Failure Events are indicated by DP 10118 by assertion of output signal ACFAAIL when DP 
10118 detects a failure of power to CS 10110. Recognition of AC Power Failure Events is disabled upon 
entry to AC Power Failure Event Handler microinstruction sequence. No further AC Power Failure Events 
^ will be recognized until DP 10118 r^nitiates JP 10114 operation. ^nr.^ c -r- 

As will be described further below, FUCTL 20214's Egg Timer Is a part of TIMERS 20296. Egg Timer 
Overflow Events are indicated by TIMERS 20296 whenever TIMERS 20296-5 Egg rimer mdicates oveiflow 
of Egg Timer Counter. Egg Timer Overflow Events may be masked as described m a following descriptton. 
finaliy.EU 101 22 Stack Underflow Events are signaled by EU 10122 when di^ed to read a wor^ 
55 10122 Stack Mechanism and there is no aocelerated stack frame pres«it EU 10122 will continue to 
assert this Event Interrupt until acknowledged by JP 10114 by Initiation of a Handler microinstruchon 

^^"-m^bove descriptions of CS 10110 events have stated that recognition of certain of those Events may 
be masked, that is inhibited to allow recognition of other Events having ^;?her pric^rty. C^in ^ ^ 

^ masking operations were briefly described in the above descriptions and will be described in further. 

- next belovTln general, recognition of Events may be masked in five ways, four of P^^^^ 
designated as masks. These four masks are generated by microinstruction control from FUSnT ^^^^and 
include Asychronous Masks for. in general, Asychronous Events. Monitor Masks are utihzed ^or diiose CS 
101 10 operations being performed on Monitor Stack (MOS) 10370, as previously dfscnted with reference 

65 to CS 101 10 Stack Mechanisms. Trace Mask is utilized with reference to Trace Trap Events. Intfivisible Mask 
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is generated or provided by FUSITT 1 1012 as an integral or indivisible part of certain microinstructions and 
allow recognition of certain selected events during certain single microinstructions. Certain other Events, 
for example Logical Read and Write Traps and UID Read and Write Traps, are recognized or masked by flag 
bits in logical descriptors associated with those operations. Rnally, certain microinstructions result in 

^ FUSITT 11012 providing microinstruction control outputs enabling or inhibiting recognition of certain 
events, but differ from Indivisible Masks in not being associated with single particular microinstructions. 

Referring to Fig. 247, the relative priority level and applicable masks of certain CS 10110 Events are 
depicted therein in three vertical columns, information regarding priority and masldng of particular Events 
is shown in horizontal entries, each comprising an entry in each of these three vertical columns* Left hand 
column, titled Priority Level states relative priority of each Event entry. Second column, titled EVENT, 
specifies which Event is referred to in that table entry. A particular Event will yield priority to all higher 
priority Events and will take prestdence over all lower priority Events. Ftg. 247's third column, titled Masked 
By, specifies for each entry which masks may be used to mask the corresponding Event A indicates use of 
Asychronous Masks, M use of Monitor Mask, T use of Trace Trap Mask, and I represents that Indivisible 
Mask may be used. DES indicates that an Event is enabled or masked by flag bits of logical descriptors, 
while MCWD indicates that a particular Event may be masked by microinstruction control signal outputs 
provided by FUSITT 11012. NONE indicates that a particular Event may, in general, not be ma^ed. 

The final major class of CS 10110 event was described above as Machine Check Events. In general, if 
any of these Events are detected by logic gating in EVENT 20284, EVENT 20284 will provide a Check 
Machine signal to DP 10118, DP 10118 will then stop operation of JP 10114 and Machine Check Event 
Handler microinstruction sequences will be initiated. Among these Machine Check Events are wherein FU 
1 0120 is attemting to store back an EU 10122 result to MEM 10112 and EU 10122 signals a parity error in EU 
10122's Control Store. These events are stored in EVENT 20284 Event Registers and recogtzed when FU 
10120 enters State AB. EU 10122 will have previously ceased operation until a corrective microinstruction 

^ sequence may be initiated. The same Event will occur if FU 10120 attempts to use an EU 10122 arithmetic 
operation result or test operation result having a parity error in EU 10122's Control Store. Should MOS 
10370 overflow or underflow, this event will be dete<^d, FU 10120 operations stopped, and corrective 
microinstruction sequences initiated. MOS 10370 overflow or underflow occurs whenever a previous MOS 
10370 Stack Frame is referenced, whenever MOS 10370 Stack Pointer equals MOS 10370 Bottom Stack 
Pointer, or the difference between MOS 10370 Current and Bottom Stack Poirrters is greater than sbcteen. 
Underflows result in a transfer of operation to MIS 10368, while overflows are handled by DP 101 18. finally, 
a Machine Check Event will be requested when a parity error is d^ected in a microinstruction currently 
being provided by FUSITT 11012 during State MO of that microinstruction. 

Having described general operation of EVENT 20284, the structure and operation of EVENT 20284 will 
be described briefly next below. 

Referring to Rg. 248, a partial block diagram of EVENT 20284 is shown. EVENT 20284 includes Event 
Detector (EDET) 24810, Event Mask and Register Circuitry (EMR) 24812, and Event Handler Selection Logic 
(EHS) 24814* EDET 24810 is comprised of random logic gating and, as previously described, receives Inputs 
representing event conditions from other portions of CS 1 01 10's circuitry. EDET 24810 detects occurrences 

^ of CS 101 10 operating conditions indicating that Events have occurred and provides outputs to EMR 24812 
Indicating what Events are requested. 

EMR 24812 includes a set of registers, for example SN74S194s, comprising EVENT 20284's Event 
Registers. These registers are enabled by mask inputs, described momentarily, to enable masking of those 
Events which are latched in EVENT 20284's Event Registers. Certain Events, as previously described, are 

^ not latched and logic gating having mask enable inputs is provided to enable masking of those events 
which are not latched. EMR 24812 mask inputs are Asychronous, Monitor, Trace Trap, and Indivisible 
Masks, respectively AMSK, MMSK, TMSK, and ISMK, provided from FUSmT 11012. Mask inputs derived 
from FUSITT 11012 microinstruction outputs (mWRD) are provided from microinstruction conUol outputs 
of FUSnr 11012. EMR 24812 provides outputs representing mask and unmask events which have been 

so requested to EHS 24814, 

EHS 24814 is comprised of logic gating detecting which of EHS 24814's unmasked Event Requests is of 
highest priority. EHS 24814 selects the highest priority unmasked Event Request input and provittes a 
corresponding Event Handler microinstruction address to EVNTGT 24310 through ADRA Bus 24322. These 
address outputs of EHS 24814 are five bit addresses selecting the initial microinstruction of the Event 

ss Handler microinstruction sequence of the current highest priority unmasked Event. As previously 
described with reference to NASMUX 24312, certain inputs of ENTGT 2431 0 are hard-wired to provide a full 
fifteen bit address output from EVNTGT 24310. EVENT 20284 also provides, from EHS 24814, an Event 
Enable Select (EES) output to SITTNAS 20286 to enable EVNTGT 24310 to provide microinstruction 
addresses to CSADR Bus 20204 when EVENT 20284 must provide a microinstruction address for handling 

60 of a current Event 

Having described the structure and operation of FUCTL 202l4's circuitry providing microinstruction 
addresses to FUSITT 11012, FUSITT 11012 will be described next below. 

CX.C. Fetch Unit S-lnterpreter Table 11012 (Rg. 249) 
65 Referring to Rg. 249, a partial block diagram of FUSITT 11012 is shown. Address (ADR) and Data 
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(DATA) inputs of Micro-Instruction Control Store (mCS) 24910 are connected, respectively, from CSADR 
Bus 20204 through Address Driver (ADRDRVf 24912 and from JPD Bus 10142 through Data Driver (DDRV) 
24194. mCS 24910 comprises a memory for storing sequences of microinstructions currently being utilized 
by CS 101 10. mCS 24910 is an 8K (8192) word by 80 bit wide memory. That is. mCS 24910 may contain, for 

5 example, up to, 8192 80 bit wide microinstructions- Microinstructions to be written into mCS 24910 are 
provided, as previously described, to mCS 24910 DATA input from JPD Bus 10142 through DDRV 24914. 
Addresses of microinstructions to be written into or read from mCS 24910 are provided to mCS 24910 ADR 
input from CSADR Bus 20204 through ADRDRV 24912. ADRDRV 24912 and DDRV 24914 are buffer drivers 
comprised, for example, of SN74S240s and SN74S244S. 

10 Also connected from output of ADRDRV 24912 is input of Nonpresent Micro-Instruction Logic (NPmIS) 
24916. NPmIS 24916 is comprised of logic gating monitoring read addresses provided to mCS 24910. When 
a microinstruction read address present on CSADR Bus 20204 refers to an address location not within mCS 
24910's address space, that is of a non-present microinstruction, NPmtS 24916 generates an Event Request 
output indicating this occurrence. As previoudy described FUCTL 20214 v«ll then call, and execute, 

15 • microinstructions so addressed from MEM 10112. 

As indicated in Rg. 249, mCS 24910 provides three sets of outputs. These outputs are Direct Output 
(DO), Direct Decoded Output (DDO), and Buffered Decode Output (BDO). in general, control information 
within a particular microstruction word is used on next clock cycle after the address of that particular 
microinstruction word has been provided to mCS 24910 ADR input That is, during a first clock cycle a 

20 microinstruction's address Is provided to mCS 24910 ADR input That selected microinstruction appears 
upon mCS 24910's DO, DDO, BDO outputs during that clock cycle and are used, after decoding, during next 
clodc cycle. Outputs DO, DDO, BDO differ in delay time before decoded microinstruction outputs are 
available for use. , 

mCS 24910 DO output provides certain t>its of microinstruction words directly to particular 

25 destinations, or users, through Direct Output Buffer (DOB) 24918. These microinstructions bits are latched 
and decoded at their destinations as required. DOB 24918 may be comprised, for example, of SN74S04s. 

mCS 2491 0's DDO output provides decoded microinstruction control outputs for functions requiring 
the presence of fully decoded control sigrwis at the start of the dock cycle In which those decoded control 
signals are utilized. As shown in Rg. 249, mCS 24910's DDO output is connected to input of Direct Decode 

30 Logic (DDL) 24920. DDL 24920 is comprised of logic gating for decoding certain microinstruction word bits 
during same dock cyde In which those bits are provided by mCS 24910's DDO. These microinstruction bits 
are provided, as described above, during the same dock cycle in which a corresponding address is 
provided to mCS 24910's ADR input During this dock cyde. DDL 24920 decodes mCS 24910's DDO 
microinstruction bits to provide fully decoded outputs by end of this dock cyde. Outputs of DDL 24920 are 

3S connected to Inputs of Direct Decode Register (DDR) 24922. DDR 24922 is a register comprised, for 
example, of SN74S374s. DDL 24920's fully decoded outputs are loaded into DDR 24922 at the end of the 
dock cyde during which, as just described, an address is provided to mCS 24910's ADR input and mCS 
24910's corresponding DDO output is decoded by DDL 24920. Fully decoded microinstruction control 
outputs corresponding to mCS 24910's DDO outputs are thereby available at start of the second dock cyde. 

40 Microinstruction control outputs of DDR 24922 are thereby available to FU 1 01 20 at start of the second dock 
cyde for those FU 10120 operations requiring immediate, that is undelayed, microinstruction control signal 
outputs from FUSITT 11012. 

Rnally, mCS 24910's BDO is provided for those FU 10120 operations not requiring microinstruction 
control dgnals immediateiy at the sUrt of the second dock cyde. As shown in Rg. 249, mCS 24910's BDO is 

45 connected to inputs of Buffered Decode Register (BDR) 24924. Microinstruction word output bits from mCS 
24910's BDO are provided to inputs of BDR 24924 during the dock cyde in which a corresponding address 
is provided to mCS 24910's ADR input mCS 24910's BDO outputs are loaded into BDR 24924 at end of this 
doi* cyde. BDR 24924"s outputs are connected to inputs of Buffered Decode Logfc (BDL) 24926, BDL 24926 
is comprised of logic gating for decoding outputs of BDR 24924. BDL 24926 thereby provides decoded 

so microinstruction control outputs to FU 10120 at some delayed time after start of the second Clock cyde. 
Microinstruction control outputs from BDL 24926 are thereby delayed in time from the appearance of 
microinstruction control outputs of DDR 24922 but, as BDR 24924 stores microinstruction word bits rather 
than decoded microinstruction word bits, BDR 24924 is required to store proportionately fewer bits than 
DDR 24922. 

55 Finally, as shown in Rg. 249 outputs of DDR 24922 and BDR 24924, are connected to inputs of 
Microinstroction Word Parity Checker (mWPC) 24928. mWPC 24928 is comprised of logic gating for 
checking parity of outputs of DDR 24922 and BDR 24924. A failure in parity of &\her output of DDR 24922 
and BDR 24924 indicates a possible error in microinstruction output from mCS 24910. When such an error 
is detected by mWPC 24928, mWPC 24928 generates a corresponding Microinstruction Word Parity Error 

60 (mWPE). 

d.d. CS 10110 Internal Mechanism Control 
Associated with SR's 10362, the stack mechanism area of GRF 10354, are two CS 10110 control 
structures primarily associated with operation of CS lOIWs internal mechanisms. A first of ttiese referred 
ss to as Machine Control Block, describes current execution environment of JP 101 14 microprograms, that is, 
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JP 10114 microinstruction sequences. Machine Control Block is comprised of two information words 
residing in MCW1 20290 and MCWO 20292, These Machine Control Words contain all control state 
information necessary to execute JP 10114's current microprogram. Second control structure is a portion 
of ROWS 10358, which as previously described parallels the structure of SR's 10362. Each register frame on 
5 MIS 10368 or MOS 10370 has, with exception of Top (Current) Register Frame, associated with it a Return 
Control Word (RCW) residing in RCWS 10358. RCWs are created when MIS 10362 or MOS 10370 register 
frames are pushed, that is moved onto MIS 10368 or MOS 10370 due to creation of a new Current Register 
Frame. A current RCW does not exist in a present embodiment of CS 10110. 

RCWS 10358 will be described first next below, followed by Machine Control Block. 

10 

8.a,a. Return Control Word Stack 10358 <Rg. 251) 
Referring to Rg. 251, a diagramic representation of a RCWS 10358 RCW is shovim. As previously 
descnbed, RCWS 10358 RCWs contain information necessary to reinitiate or continue execution of a 
microinstruction sequence if execution of that sequence has been discontinued. 

. Execution of a microinstruction sequence may be discontinued due to a requirement to service a CS 
10110 Event, as described above, or if that microinstruction sequence has called for execution of another 
microinstruction sequence, as in a Branch or Case Operation. 

As shown in Fig, 251, each RCW may contain, for example, 32 bits of information. RCW Bits 16 to 31 
inclusive are primarily concerned with storing current microinstruction address of microinstruction 
20 sequences which have been discontinued, as described above. Bits 17 to 31 inclusive contain 
microinstruction sequence return address. Betum address is. as previously described, address of the 
microinstruction currently being executed of a microinstruction sequence whose execution has been 
discontinued. When JP 10114 returns from servicing of an Event or execution of a called microinstruction 
sequence, return address is provided from RCWS 10358 to SITTNAS 20286 and through CSADR Bus 20204 
^5 to RJSrrr 1 1012 as next mlcroinstruc^on address to r^ume execution of that microinstruction sequence. 
Bit 16 of an RCW contains a state bit indicating whether the particular microinstruction referred to by return 
address field is the first microinstruction of a particular SOP. That is. Bit 1 6 of an RCW stores CS 101 10 State 
FM. 

Bits 8 to 15 Inclusive of an RCW contain information pertaining to current condition code of JP 101 14 

^ and to pending Interrupt Requests. In particular. Bit 8 contains a condition code bit which, as previously 
described indicates whether a particular test condition has (seen met. RCW Bit 8 is thereby, as previously 
described, a means by which JP 10114 may pass r^ults of a particular test from one microinstniction 
sequence to another Bits 9 to 15 tncluKve of an RCW contain information regarding currently pending 
Interrupts. These Interrupts have been previously discussed, in general, with reference to EVENT 20284. In 

35 particular, RCW Bit 9 contains pending state of Illegal EU 10122 Dispatch interrupt Requests; RCW Bit 10 
contains pending state of Name Trace Trap Request; RCW Brt 11 contains pending state of Store Back 
Interrupt Request; RCW Bit 12 contains pending state of Memory Repeat Interrupt Request; RCW Bit 13 
contains pending state of SOP Trace Trap Request; RCW Bit 14 contains pending state of Microtrace Trap 
Request; and, RCW Bit 15 contains pending state of Micro-Break Point Trap Request. Interrupt HarKiling 

40 microinstruction sequence which require use of CS 10110 mechanisms containing information regarding 
pending imerrupts must, in genera), save and store that information. This save and restore operation is 
accomplished by use of Bits 9 to 15 of RCWS 10358*5 RCWs, Upon entry to an Interrupt Handling 
microinstruction sequence, these bit flags are set to indicate Interrupts v\^k:h were outstanding at tinne of 
entry to that microinstruction sequence. Because these bits are used to initiate Interrupt Request upon 

45 returns, pending Intemipts may be cancelled by resetting appropriate bits of Bits 9 to 15 upon return. This 
capability may be used to implement Microinstruction Trace Traps, previously described. 

As indicated in Rg, 251, RCW Bits 0 to 7 are not utilized in a present embodiment of CS 10110. RCW bits 
0 to 7 are not implemented in a present embodiment of CS 10110 but are reserved for future use. 

As prewously described, RCWs may be written into or read from RCWS 10358 from JPD Bus 10142. 

so This allows contents of RCWS 10358 to be initially written as desired, or read from RCWS 10358 to MEM 
10112 and subsequently restored as required for swapping of processes in CS 10110, 

b.b.b. Machine Control Block (Rg. 252) 
As described above, FUCTL 2021 4's Machine Control Block is comprised of a Machine Control Word 1 
5S (MCW1 ) and a Machine Control Word 0 (MCWO). MCW1 and MCWO reside, respectively, in Registers MCW1 
20290 and MCWO 20292. MCW1 and MCWO described the cun-ent execution environment of FUCTL 20214's 
current microprogram, that is the microinstruction sequence currently being executed by JP 10114. 

Referring to Fig. 252, diagramic representations of MCWO and MCW1 are shown. As indicated therein, 
MCWO and MCW1 may each contain, for example, 32 bits of information regarding current microprogram 
60 execution environment 

Referring to MCWO, MCWO includes 6 execution environment subfields- Bits 0 to 3 indusive contain a 
Top Of Stack Counter (TOSCNT) subfield which is a pointer to Current Frame of accelerated Microstack 
(MIS) 10368. TOSCNT field Is initially set to point to Frame 1 of MIS 10368. Bits 4 to 7 indush/e comprise a 
Top of Stack -1 Counter (T0S-1CT) subfield which is a pointer to Previous Frame of accelerated MIS 1 0368, 
€5 that is to the MIS 10368 frame proceeding that pointed by TOSCNT subfield. TOSICNT subfield is initially . 
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set to Frame 0 of MIS 10368. Brts 8 to 1 1 inclusfve comprise a Bottom of Stack Counter (BOSCNT) subfield 
which is a pointer to Bottom Frame of accelerated MIS 10368. BOSCNT subfield is initially set to point to 
i=rame 1 of MIS 10368. TOSCNT, T0S-1CNT, and BOSCNT subfieJds of MCWO may be read, wntten, 
incremented and decremented under microprogram control as frames are transferred between MIS 10368 

s and aSS 10336. r» \. u 

Bits 17 to 23 inclusive and Bits 24 to 31 incluave of MCWO comprise, respectively. Page Number 
RegistBr (PNREG) and Repeat Counter (REPCTR) subfields which, together, comprise a microinstmction 
address pointing to a microinstruction currently being written Into FUSfTT 11012. 

Bits 12 to 15 inclusive of MCWO comprise an Egg Timer <EGGT) subfield which will be described further 

10 below with respect to TIMERS 20236. Bit 16 of MCWO is not utilized in a present embodiment of OS 10110. 
Referring to MCWI.MCWl is comprised of four subfields. Of the 32 bits comprising MCWl. BitsOto IS 
indush^e and Bits 24 and 25 are not utilized in a present embodiment of CS 10110. Bit 16 is composed of a 
Condition Code (CC) subfield indicating results of certain test conditions in JP 10114. As previously 
described CC subfield is automatically saved and restored in RCWS 10358 RCWs. 

75 Bits 17 to 19 inclusive of RCW1 comprise an Intermpt Mask (IM) subfield. The three bits of IM subfield 
are utilized to indicate a hierarchy of non-interruptible JP 10114 microinstmction control operating states. 
That is, a three bit code stored therein indicates relative power to interrupt between three otherwise 
noninterruptible JP 10114 operating states. Bits 20 to 23 inclusive comprise an Interrupt Request {IR) 
subfield which indicate Interrupt Request. These Intermpt Requests may include, for example. Egg Timer 

20 Overflow, Imerval Timer Overflow, or Non-Fatal Memory Error, as have been previously described. Finally, 
Bits 26 to 31 inclush/e comprise a Trace Trap Enable (TTR) subfield indicating which Trace Trap Events, 
previously described, are cunrently enabled. These enables may include Name Trace Enable, Logical 
Retrace Enable, Logical Write Trace Enable, SOP Trace Enable, Microinstruction Enable, and 
Microinstruction Break point Enable, 

25 MCWO and MCW1 has been descnbed above as if residing in registers having individual, discrete 
existerwe, that is MCW1 20290 and MCWO 20292. In a present embodiment of CS 10110, MCWl 202^ and 
MCWO 20292 do not exist as a unified, discrete register structure but are instead comprised of Indhrfdual 
registers having physical existence in other portions of FUCTL 20214. MCWl 20290 and MCWO 20292, and 
MCWl and MCWO, have been so described to more distinctly represent the structure of information 

30 contained therein. In addition, this approach has been utilized to illustrate the manner by which current JP 
10114 execution state may be controlled and monitored through JPD Bus 10142. As indicated in Rg. 202, 
MCWl 20230 and MCWO 20292 have outputs connected to JPD Bus 10142, thus allowing current execution 
state of JP 10114 to be read out of FUCTL 20214. Individual bits or subfields of MCWO and MCW1 tnay, as 
previously described, be written l>y microinstaiction control provided by BJSITT 11012. In a present 

35 physical embodiment of CS 10110, those registers of MCWO 20292 containing subfields TOSCNT, TOS- 
ICNT, and BOSCNT reside in RAG 20288. Those portions of MCWO 20292 containing subfield EGGT reside 
in TIMERS QOTBS. MCWO 20292 registers contain PNREG and REKTTR subfields are physically comprised of 
REPCTR 20280 and PNREG 20282. In MCWl 2020), CC subfield exists as output of FUCTL 20214 test 
drcuits. Those MCWl 20290 registers containing IM, IR, and TTE subfields reside within EVENT 20284. 

^ Ha>^ng described FUCTL 20214 structure and operation as regards RCWS 10358. MCWl 20290 and 
MCWO 20292, FUCTL 20214, RAG 20288 will be described next below. 




cac. Register Address Generator 20228 (Fig. 253) 
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respectively, read from or written to are provided by RAG 20288. As descrik)ed above BIAS 20246 operates 
and is addressed in parallel with SR 10362 portion of GRF 10354, that Is parallel with SRs 10362. BIAS 20246 
registers are thereby connected to and in parallel with address inputs of SRs 10362 and are addressed 
concurrently with GRs 10360. Registers RCWS 10358 also operate and are addressed in parallel with SRs 
10362. Address inputs of RCWS 10358's registers are thereby connected in parallel with address inputs of 
SR 10362's registers. 

RAG 2D288's address inputs to GRF 10354, and to BIAS 20246 and RCWS 10358, may select registers 
tfierein to be either source registers, that 4s registers providing data, or destination registers, that is 
registers receiving data. RAG 202^s address outputs are designated as output Source and Destination 
Register Address (SDADR) of RAG 20288. RAG 20288's SDADR output is connected to address input of 
register comprising GRF 10354, BIAS 20246, and RCWS 10358. As described above, SRs 10362 are 
structured as 16 frames of 8 registers per frame and RCWS 10358 is structured as a corresponding 16 
frames of one register per frame. GRF 10354 and BIAS 20246 are structured and utilized as single registers 
but, for addressing purposes, are regarded as being comprised of 1 6 frames of 8 registers per frame. Each 
SDADR output of RAG 20288 is an 8 bit word wherein the most significant bit indicates whether the 
addressed register, either a Source or a Destination Register, reside in GRs 10360 or within SRs 10362, BIAS 
20246, and RCWS 10358. The four next most significant bits comprise a frame select field for selecting one 
of 16 frames within GRs 10360 or within SRs 10362, BIAS 20246, and RCWS 10358. The three least 
significant bits comprise a register select field selecting a particular register within the frame selected by 
frame select field. 

Within a single system clock cycle, SDADR output of RAG 20288 may select a souft» register and data 
may be read from that source reg ister, or SDADR output may select a destination register and data may be 
written into that destination register. As previously described, each JP 10114 microinstruction requires a 
minimum of two-system clock cycles for execution, that is at first clock cycle in State MO and a second 
clock cycle in State Ml. During a single microinstruction therefore, a source register may be selected and 
data read from that source register, and a destination register selected and data written into that 
destination register. Certain operations, how^ever, may require more than one microinstruction for 
execution. For example, a read-modrfy-write operation wherein data is read from a particular register, 
modified, and written back into that register may "require two or more microinstructions for execution. 

Referring first to RAG 20288 structure, RAG 20288 includes MISPR 10356. MISPR 10356 includes Top Of 
Stack Counter {TOSCND 25310, Top Of Stack-1 Coumer (T0S-1CNT) 25312, and Bottom Of Stack Counter 
(BOSCNT) ^14. Contents of TOSCNT 25310, T0S-1CNT 25312 and BOSCNT 25314 are respectively, 
pointers to Cunrent, Previous, and Bottom frames of SRs 10362, that is, to MIS 103^. As will be described 
below, these pointers are also utilired to address MOS 10370. TOSCNT 25310, TOS-ICNT 25312, and 
BOSCNT 25314 are each four bit binary counters comprised, for example, of SN74S1633. 

Data inputs of TOSCNT 25310 to BOSCNT 25314 are connected from JPD Bus 10142. Control inputs of 
TOSCNT 15310 to BOSCNT 25314 areconnected from microinstrucdon control outputs of FUSITT 11012. 
Data outputsof TOSCNT 25310 to BSOCNT 25314 are connected to data inputs of Source Register Address 
Multiplexer (SRCADR) 25316 and to data inputs of Destination Register Address Multiplexer (DSTADR) 
253ia Data outputs of TOSCNT 25310 and BOSCNT 25314 are connected to inputs of Stack Event Monitor 
Logic (SEM) 25320. 

Source and destination frame addresses are selected, as will be described further below, by SRCADR 
25316 and DSTADR 25318 respectively. In addition to data inputs from TOSCNT 25310 and BOSCNT 25314, 
data inputs of SRCADR 25316 and DSTADR 25318 are connected from microinstruction word CONEXT 
subfield output from FUSITT 11012. Control inputs of SRCADR 25316 and DSTADR 25318 are connected 
from, respectively, microinstruction word RS and RD subfield outputs from FUSfTT 11012. Source Frame 
Address Reld <SRCFADR) output of SRCADR 25316 and Destination Frame Address Held {DSTFADR) 
output of DSTADR 25318 are connected to Inputs of Source and Destination Register Address Multiplexer 
(SDADRMUX) 25322. SRCFADR and DSTFADR comprise frame select fields of RAG 20288, SDADR outputs 
for, respectively, source and destination registers. 

In addition to SRCFADR and DSTFADR outputs of ADRSRC 25316 and DSTADR 25318, SDAOTMUX 
25322 receives microinstruction word SRC and DST subfield inputs from microinstruction outputs of 
FUSITT 11012. As previously described, SRC subfield is a 3 bit number deagnating a source register, that 
is, a source register within a frame selected by SRCFADR. DST is similarty a 3 bit number seleming a 
destination register within a frame indicated by DSTFADR. SRC subfield infnit to SDADRMUX 25322 is 
concatenated with SRCADR 25316 to respectively comprise, as described above, register and frame fields 
of a source register SDADR output of SDADRMUX 25322. Similarly, DST subfield is concatenated with 
DSTFDADR output of DSTADR 25318 to comprise, respectively, register and frame subfields of a 
destination register SDADR output of SDADRMUX 25322. Selection between source and destination 
register address inputs to SDADRMUX 25322, to generate a corresponding source of destination register 
SDADR output of SDADRMUX 25322 is controlled by microinstruction control inputs (not shown for clarity 
of presentation) connected to control inputs of SDADRMUX 25322. ROWS 25324 is a PROM decoding MD 
field from microinstruction words during reads from MEM 10112 and provides register select field of 
destination register address and selects one of the pointers as frame select field. 

An Event output of SEM 25320 is connected to an input of EVENT 20284, previously described. 
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SRCADR 25316, DSTADR 25318, and SDADRMUX 25322, as will be described further below, operate as 
multiplexers and may be comprised, for example, of SN74S153s. 

Having described structure and organization of GRF 10354, BIAS 20246, and RCWS 10358, and 
structure of RAG 202^, operation of RAG 20288 to generate Source of Destination Register Address 

^ outputs SDADR will be described next below. Addressing of JP 101 14*s stack mechanism, comprising SRs 
10362 and RCWS 103^, will be described first followed by addressing of GRs 10360 and BIAS 20246. 

SR 10362 portion of GRF 10354, RCWS 10358, and BIAS 20246 are addressed by Cun-ent, Previous, and 
Bottom Frame Pointers contained, respectively, in TOSCNT 25310, T0S-1CNT 25312, and BOSCIMT 25314. 
Current Previous, and Bottom Pointers comprise frame select fields of SDADRMUX 25322, As previously 

'0 described, Current Previous and Bottom Pointer outputs of TOSCNT 25310 to BOSCNT 25314 are provided 
as inputs of SRCADR 25316 and DSTADR 25318, Microinstruction word RS subfirfd to control input of 
SRCADR 25316 selects either Current, Previous or Bottom Pointer input of SRCADR 25316 to comprise 
SRCFADR output of SRCADR 25316, that is to be frame select field of source register address. Similarly, 
microinstruction word RD subfieid to control input of DSTADR 25318 concurrently selects either Current 

^5 Previous, or Bottom Pointer inputs of DSTADR 25318 to comprise DSTADR 25318^8 concurrently selects 
either Current Previous, or Bottom Pointer Inputs of DSTADR 25318 to comprise DSTADR 25318s 
DSTFADR output that is frame select field of destination register address. As described above, SRCFADR 
and DSTFADR are provided as inputs to SDADRMUX 26322. Microinstruction word SRC and DST subfieid 
inputs to SDADRMUX 25322 concurrently determine, respectively, source and destination registers within 

^ sourt:e and destination frames specified by SRCFADR and DSTFADR SDADRMUX 25322 then, operating 
under microinstruction control, selects either SRCFADR and SRC to comprise SDADR output to SR 1 0362 as 
a source register address or selects DSTFADR and DST as SDADR output specifying a destination register 
address. By microinstrucUon control of SRCADR 25316, DSTADR 25318, and SDADRMUX 25322, a CS 
10110 microprogram may select a source frame and register within SR 10362 and simultaneously specify a 

2s possible different destination frame and register within SR 10362. All possible combinations of source 
frame and register and destination frame and register In GRs 10380, SRs 10362, BIAS 20246, and RCWS 
10358 are valid. 

Control of SRCADR 25316, DSTADR 25318, and SDADRMUX 25322 in addressing SR 10362 portion of 
GRF 10354, and RCWS 10358, is controlled, in part by airrent CS 10110 state. Pertinent CS 10110 operating 

30 States, previously described, are State Ml and State RW. When CS 10110 is in neither State RW nor State 
Ml, SR 10362 is addressed through SRO«)R 25316 and microinstruction word SRC subfieid, that is SR 
10362 and RCWS 10358 are provided with source register addresses when CS 10110 is in neither RW nor 
Ml States. When CS 10110 enters State Ml, SR 10362 and RCWS 10358 is addressed through DSTADR 
25318 and by microinstruction word DST subfieid* That is, SR 10362 and RCWS 10358 are provided with 

35 destination register addr^ses during State Ml. Similariy, SR 10382 and RCWS 10358 are provided with 
destination register addresses when CS 10110 is operating in State RW, that is when data is being read 
from MEM 10112 and written into SR 10362 or RCWS 10358. In this case, however, low order 3 bits of 
destination register address, that is register select field, are provided by RDS 25324, which decodes 
microinstruction word subfieid MD (Memory Destination). RDS 25324 also prowdes a control input that 

40 DSTADR 25318 to select one of Cun^nt Previous, or Bottom pointers from MISPR 1 0356 to comprise frame 
select field of destination register address. 

As stated above, frame select field of source and destination register addresses are provided from 
TOSCNT 25310, TOSOCNT 25312, and BOSCNT 25314. As described above, the most significant Wt of 
source and destination register address are forced to logic lor logic 0, depending upon whetiter GR 10360 

45 or SR 10362, BIAS 20246, and RCWS 10358 are being addressed. Contents of TOSCNT 25310 to BOSCNT 
25314, that is Current Previous, and Bottom Pointers, are controlled by microinstnjction control outputs of 
FUSfTT 11012. Current and Previous Pointers change as stadcs are "pushed" or "popped" to and from MIS 
10368 as JP 10114 performs, respei^vely, calls and returns. Similariy, Current Previous and Bottom 
Pointers vwll be incremented or decremented as MIS 10368 frames are transferred between MIS 10368 and 

SO MEM 10112, as previously described with respect to CS 10110's Stack Mechanisms. 

Referring first to Current and Previous Pointer operation. Current and Previous Pointers in TOSCNT 
25310 and TOS-ICNT 25312 are initially set, respectively, to point to Frames 1 and 0 of MIS 10368 by being 
loaded from JPD Bus 10142. TOSCNT 25310 and TOS-ICNT 25312 are enabled to count when two 
conditions are met Rrst condition is dependent upon current operatii^g state of CS 101 10. TOSCNT 25310 

S5 and TOS-ICNT 25312 will be enabled to count during last system clock cycle of CS 101 10 operating States 
M1 or AB, Second condition is dependant upon whether JP 10114 is to execute a call or return. T05C^^IT 
25310 and TOS-ICNT 25312 may be enabi«i to count if a current microinstruction indicates JP 101 14 is to 
execute a call or return, or if CS 101 1 0 is exiting State AB as exit from State AB is an implied call operation. 
Botfi acall and an implied caltthat is exit from State AB, will cause TOSCNT 25310 and TOS-ICNT 2531 2 to 

60 be incremented. A retum will cause TOSCNT 25310 and TOS1CNT 25312 to be decremented. 

Referring to BOSCNT 25314, Bottom Frame Pointer is initially loaded from JPD Bus 10142 to point to 
MIS 10368 Frame 1. Again, incrementing or decrementing of BOSCNT 25314 is dependant upon CS 10110 
operating state and operation to be performed. BOSCNT 25314 is enabled to count upon exiting from State 
Ml. in addition, DEVCMD subfieid of a cun-ent microinstruction word must indicate that* BOSCNT 25314 is 

65 to be Incremented or decremerrted. BOSCNT 25314 will be incremented or decremented upon exit from 
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State Ml as indicated by microinstruction word DEVCMD subfield. 

SEM 25320 monrtors relative values of Current and Bottom Pointers residing in TOSCNT 25310 and 
BOSCNT 25314 and provides outputs to EVENT 20284 for purposes of controlHng operation of Ml 10368 
and MOS 10370. SEM 25320 is comprised of a Read Only Memory, for example 93S427s, receiving Current 

s and Bottom Pointers as inputs. SEM 25320 detects 3 Events occurring In operation of TOSCNT 25310 and 
BOSCNT 25314, and tiius in operation of MIS 10368 and MOS 10370. Rrst, SEM 25320 detects an MIS 10368 
Stack Overflow. This Event is indicated if the present value of Current Frame Pointer is greater than 8 larger 
than the present value of Bottom Frame Pointer, Second, SEM 25320 detects when MIS 1 0368 contains only 
one frame of Information. This event is indicated if the value of Current Frame Pointer !s equal to th6 value 

fo of Bottom Frame Pointer. In this case, the previous frame of MIS 10368 resides in MEM 101 12 and must be 
fetched from MEM 10112 before 8 reference to the previous stack frame may be made. Third, SEM 25320 
detects when MIS 10368 and MOS 10370 are full. This Event is indicated if the present value of Current 
Frame Pointer is 16 larger than the present value of Bottom Frame Pointer. When this Event occurs, any 
further attempt to write a frame onto MIS 10368 or MOS 10370 will resuit in a MOS 10370 Stack Overflow. 

fs EVENT 20284 responds to these Events indicated by SEM 25320 by initiating execution of an appropriate 
Event Handling microinstruction sequence, as previously decribed. It should be noted that MIS 10^ and 
MOS 10370 are addressed in the same manner, that ts through use of Current, Previous and Bottom Frame 
Pointers and certain microinstruction word subfieids. Primary difference between operation of MIS 10368 
and MOS 10370 is in the manner in which stack overflows are handled. In the case of MIS 10368, stack 

20 frames are transferred between MIS 103^ and MEM 10112 so that MIS 10368 is effectively a bottomless 
stack. MOS 10370, however, contains a maximum of 8 stack frames, in a present embodiment of CS 101 10, 
so that no more than eight Events may be pushed onto MGS 1 0370 at a given time. 

GR 10360 is addressed in a manner similar to SR 10362, BIAS 20246, and RCWS 10358, that is through 
ADRSRC 25316, DSTADR 25318, and SDADRMUX 25322. Again, register select fields of source and 

25 destination register addresses are provided by microinstrucdon word SRC and DST subfields. Frame seiert 
field of source and de^nation register addresses is. however, specified by microinstruction word CONEXT 
subfield. In this case, microinstruction word RS and RD subfields specify that frame select fields of source 
and destination register addresses are to be provided by CONEXT subfield. Accordingly, ADRSRC 25316 
and DSTADR 25318 provide CONEXT subfield as SRCFADR and DSTFADR inputs to SDADRMUX 2532Z 

30 Having described structure and operation of RAG 20288, TIMERS 20296 will be described next below. 
Referring to Rg. 254, a partial block diagram of TIMERS 20296 is shown. As indicated therein, TIMERS 
20296 includes Interval Timer (INTTMR) 25410, Egg Timer (EGGTMR) 25412, and Egg Timer Oock Enable 
Gate (EGENB) 25416. 



d.d.d. Timers 20296 (Rg. 254) 
Referring first to INTTMR 25410, a primary function of INTTMR 25410 is to maintain CS 10110 
architectural time as previously described with reference to Bg. 106A and previous descriptions of CS 
10110 UID addressing. As described therein, a portion of all UID addresses generated by all CS 10110 

40 systems is an Object Serial Number (OSN) field. OSN field uniquely defines each object cTBated by 
operation of or for use in a particular CS 10110» OSN field of an object's UID is, in a particular CS 10110, 
gena^ted by determining time of creation of that object relative to an arbitrary historic starting time 
common to all CS 10110 systems. That time is maintained within a MEM 10112 storage space, or address 
location, but is measured by operation of INTTMR 25410. 

4s INTTMR 25410 is a 28 bit counter clocked by a 110 Nano-Second Clodc UIONSCLK) input and is 
enabled to count by a one MHZ Qock Enable input (CLKIMHZENB), INTTMR 25410 may thereby be clocked 
at a one MHZ rate to measure one microsecond Intervals. Maximum time interval which may be measured 
by INTTMR 25410 is thereby 268.435 seconds. 

As indicated in Fig. 254, INTTMR 25410 may be loaded from and read to JPD Bus 10142. In normal 

so operation, the MEM 10112 location containing architectural time for a particular CS 10110 will be loaded 
with currem architectural time at time of start up of that particular CS 10110. INTTMR 25410 will 
concurrently be loaded with all zeros. Thereafter, INTTMR 25410 will be clocked at one microsecond 
intervals. Periodically, when INTTMR 25410 overflows, architectural time stored in MEM 10112 will be 
accordingly updated. At any time, therefore, currem ardiitectural time may be determined, down to a one 

£5 microsecond increment, by reading architectural time from the previous updated architectural time stored 
in MEM 10l12andelapsed interval sincelastupdateofarchitecluraltimefromlNTTMR25410. In the event 
of a failure of CS 10110, architectural time in MEM 1 01 12 and INTTWR 25410 may be saved In MEM 101 12 
by reading elapsed intervals since last architectural time update. When normal CS 10110 operation 
resumes, INTTMR 25410 may be reloaded with a count reflecting current architectural time. As indicated in 

^ Rg. 254, INTTMR 25410 is loaded from JPD Bus 10142 when INTTMR 25410 is enabled by a Load Enable 
input (LDE) provided from DP 10118. 

Referring to EGGTMR 25412, certain CS 10110 Events, in particular Asychronous Events previously 
described with reference to EVENT 20284, are received or acknowledged by EVENT 20284 only at 
conclusion of State Ml of first microinstruction of an SOP. As certain CS 101 10 microinstructions have long 

^ execution times, these Asynchronous Events may be subjected to an extended latency, or waiting, interval 
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before being serviced. EGGTMR ^S^^^^.^-^^^ 

and provid^ an output to ^^l^^^f'^^^S a I^NanoSd Oock input (llONSCLK). 

As indicated in Fig. 254, EGGTMR »*12 « dof^g^ at Vnd o?State Ml of the first microinstruction 
EGOTMR 25412 is inrtiallysetto zero l>y load mpmCLDZR^ a^^ DEVCMD subfield of a 

of each SOP executed by CS 10110. or when fP^"?^''^ "^^ci^kEnaW 
microinstruction word.EGGTMR2M12is.ncre^nt^^^ 

EGGENB 25416. There are two condmons "«^'^„Xted by "npu^ ASYEVNT to EGGENB 25416 from 
is occurrence of an Asychrorwus Event, wh.«!h « m ^.^^ ^^ incrennent of 

EVENT 20284 Second condition is that 16 or more •"'^^!'^°"^^toflNTrMR 25410 which, as shown 
EGGTMR 25412. This interval is measured by an o^^^ 

in Rg. 254. is connected to an '"P"* o\^G°E^« 2M1^^^^^ beginning of an SOP rf an 

overflow and generate output OWFLW to B^ja 2028^^^ ^„ „f ^hat SOP 

Asychronous Event has occurred and if f^'^^^^.^J^^^^W microseconds for Asychronous Events. 
EGGTtflR »412 thereby insures a maximum service latency ot <w miv.w 

e.e.e. Fetch Unit 10120 Interface ^ Execute ""f ,2 is orimarily comprised of EUDIS Bus 

Bnally. as previously des^t«d FUl^^^^ 
20206, for providing EUOPsto EWJO^^Z s EUaTX and FU^ ^ following descnpton ofEU 

Bus 20206 has been previously descnbed and will "^^f^^^fT-t Reauests for conditions signalled from 
T0122. FUIMT 20298 is primarily concerned gf?«^^^9^E^f^S "^^T 
EU 10122 so that these Everrts may he sewiced. In this rega.^^^ Mother 

^hring Event Requests from EU 10122 and providing ~"^"°"^f-^o4e'' signal generated by FU 
S^function .formed by FUII^20|S8feg^^^^^^ h« been 

10122 and provided to EU 10122 to ^^^^^^^^ " ^^^^ ,01M *alEU 10122-8 result register, described in a 
receh/ed. TTiis transfer compteteagnal irKlica^toE^^^^ 

EU 10122 to FU 10120 or MEM 10"2- . .q^jo including DESP 20210, MEMINT 20212. and 

Having described structure ^';^^J^Jl°\^^^^'^LJ>^ next below. 
FUCTL 20214. the structure and operation of EU I0i^ win u« « 



C. Execute Unit 10122 (Hgs. 203, 255-268) «„„„««~,rcanahleof executing integer, packed and 

s As previously described. EU 10122 is an "^^'^^^"''^[f^J^to^ 

unpacked dedmal, and single anditoibtepreosron efficiency of CS 10110. 

of EU 10122 is to relieve FU 10120 (rf oartain arrthmehc o'»™^"tJ5f^^ L istransfer of results of 
Transfer of ope.BndsfmmMB«^^^^^^ ,0122 operations are 

arithmetic operations from EU 10122 to P"J°J^^°L"?^j7l^^^ ,oi22 by EUSDT 20266. EU 10122 
„ inh-iated by FU 10120 by EU 101:Q Dispat* ^°"^^^^^l^°^^on of SINs and certain EU 

Dispatch Pointers may '»«,V'^"'^°Pfo"^^^^ EU 10122 Dispatch 

10122 operations assisting in handling of 9^^°"° ioi22 by EU 10122's EUSITT 

Pointers are translated into fur*er below. EU 10122 

which Is similar in structure and 0P«^" s^uin^of EU 10122 Dispatch Pointers from FU 

4s includes a command queue for receiving j r^^^ » 

10120. In addition. EU 10122 nclud« « '^'g^'^Jf^^SS^^^^ similarto FU 1O120's SR's 

EU 10122'S general register file is utilized, in part, in EU lOi^ »«cn mewio 

10362- . , w. ^ j--„,„^ ci I ini22 is shown. EU 10122's general structure and 

Referring to Rg. 203^ P^^' "'Jl^;!?!^^ S» ^^^n EuTi^s suucture and operation will be 
so operation will be described fira with referent to 

described In further detaH with aid f suteequ«« rj^^^jj ScuL Unit Control Logic (EUCU 20310, 

microinstructions to control operation of EU 10122. translates those operands into certain 

EUlO 20312 receives Ss^ults of EU 10122's operations and 

SrSsf^Sn'£^-a«"t;S^'^^^ orFU 10120. and presents those resuhs 

« "^^u™'n?^^^^^ 

operations. In particular. EXP 20316 perfom« o^.on^^^^ 

double precision floating point oPff^'^.'^ULT^U i^on^s anmn^^^ arWimetic operations with 
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MUIT 20314 and EXP 20316 and prealignment and normalization of mantissa and exponent f 
floating point operations. Finally, TSTINT 20320 performs certain test operations with regard to EU 
operations, and is the interface between EU 10122 and FU 10120. 



a. General Structure of EU 10122 

1, Execute Unit I/O 20312 ^. _ ^ r. ^ ^ 

Referring first to EUlO 20312, EUlO 20312 includes Operand Buffer (OPB) 20322, Final Result Output 
Multiplexer (FROM) 20324. and Exponent Output Multiplexer <EXOM) 20326. OPB 20322 has first and 
second inputs connected, respectively, from MOD Bus 10144 and JPD Bus 10142. OPB 20322 has a first 
output connected to a first input of Multiplier Input Multiplexer (MULTIM) 20328 and MULT 20314. A 
second output of OPB 20322 is connected to first inputs of Inputs Selector A (INSELA) 20330 and Exponent 
Execute Unit General Register File Input Multiplexer (EXRM) 20332 in EXP 20316. 

FROM 20324 has an output connected to JPD Bus 10142, A first input of FROM 20324 is connected from 
output of Multipfier Execute in General Register Rie Input Multiplexer (MULTRM) 20334 and MULT 20314, 
A second input of FROM 20324 is connected from output of Final Result Register IRFR) 20336 of MULT^ 
20314. EXOM 20326 has an output connected to JPD Bus 10142. EXOM 20326 is a first input connected from 
output of Scale Register (SCAL£R) 20338 of EXP 20316, EXOM 20326 has second and third inputs 
connected from outputs of, respectively. Next Address Generator (NAG) 20340 and Command Queue 
(COMQ) :S3342 of EUO. 20310. 



2, Execute Unit Control Logic 20310 ^ . . . <^ , . _ 

Referring to EUCL 20310, EUCL 20310 includes NAG »)340, COMQ 20342, Execute Unit S *nteipreter 
Table (EUSITT) 20344, and Microinstruction Control Register and Decode Logic (mCRD) 20346. COMQ 
20342 has an input connected from EUDIS Bus 20206 for receiving SDPsfrom EUSDT 20266. COMQ 20342 
has, as described above, a first output connected to a ttiird input of EXOM 20326, and has a second output 
connected to an input of NAG 20340, NAG 20340 has, as described above, a first o^^^^fpiJDE^ 5? 
second input of EXOM 20326. NAG 20340 has a second output connected to a first input of EUSITr 20344. 
As previously described, EUSITT 20344 corresponds to FUSfTT 11012 and stores sequences of 
microinstructions for controlling operation of EU 10122 in response to EU 10122 Dispatch Pointers from FU 
10120. EUSmr 20344 has a second input connected from JPD Bus 10142 and has an output connected to 
input of mCRD 20346. mCRD 20346 includes a register and logic for receiving and decoding 
microinstructions provided by EUSITT 20344. In addition to an input from EUSITT 20344, mCRD 20346 has 
first outputs providing decoded microinstruction control signals to all parts of EU 10122. mCRD ^346 also 
has a second output connected to a first input of Input Selector B (INSELB) 20348 and EXP 20316. 



3. Multiplexer Logic 20314 ^ , 

Referring to MULT 20314, MULT 20314 includes two parallel arithmetic operation paths for performing 
addition, subtraction, multiplication, and division operations on packed dedmal jj^^^^ 
numbers, and mantissa portions of single and double precision floating point numbers. MULT 20314 also 
Includes a related portion of EU 10122's general register file, a memory for storing constants used in 
arithmetic operations, and certain input data selection circuits. That portion of EU 10122*3 J^^ding in 
MULT 20314 is comprised of Multiplier Register File (MULTRF) 20350. Output of MULTRF 20350 is 
connected to a second input of MULTIM 20328. A first input of MULTRF 20350 is connected from output of 
RFR 20336 and a second input of MULTRF 20350 is connectod from output of MULTfWI 20334. first and 
second inputs of MULTRM 20334 are in turn connected, respectively, from output of RFR 20336 and from 
output of Container Size Logic (CONSiZE) 20352 of TSTINT 20320. 

MULTIM 20328 selects the data inputs to MULT 20314's arithmetic circuite and has, as previously 
described, first and second inputs connected respectively from first output of OPB 20322 and from output 
of MULTRF 20350. Output of MULTIM 20328 is connected through Multiplier (MULT) Bus 20354 to input of 
Multiplier Quotient Register (MQR) 20356 and to input of Nibble Shifter (NIBSHF) 2035a Another input to 
MQR 20356 and NIBSHF 20358 is provided by Constant Store (CONST) 20360. CONST 20360 is a memoiy 
for storing constant values used n MULT 20314 operations. Output of CONST 20360 is connected to W^LT 
Bus 20354. MULT 20314's arithmetic circuits may thereby be provided with inputs from OPB 20322, 
MULTRF 20350. and CONST 20360. . u - 

MULT 20314's arithmetic circuitry is comprised of two, parallel arithmetic operation paths having, as 
common inputs, outputs of MULTIM 20328 and CONST 2030). Common termination of these parallel 
arithmetic operation paths is Rnal Register Shifter (FRS) 20362. Afirst arithmetic operation path is provided 
through NIBSHF 20358, whose input is connected from MULT Bus 20354. NIBSHF 20358 s output is 
connected to a first input of FRS 20362 and a control input of NRBSHF 20358 is connected from an output of 
Multiplier Control Ugic(MULTCNT) 20364 and MULTCNTL 20318. .^^..^^ a ^ -w^ w 

MULT 20314's second arithmetic operation path is provided tiirough MQR 20356. As descnbed above, 
MQR 20356's input is connected from MULT Bus 20354. MQR 29356*s output is connected to first and 
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second inputs of Times 1 And Times 2 MuHiply Shifter {MULTSHFri2) 20366 and T»^^^ 4 And Times 8 
Multiply Shifter {MULTSHFT48) 20368. Outputs of MULTSHFT12 and are c^^^^^^ 

respectively, to first and second inputs of Rrst Multiplier Arithmetic and Logic Unit (MULTALU1 J 20370. 
MULTALU1 20370-8 output is connected to input of Multiplier Worldng Register fWVVR) 20372. O^^^^ 
MWR 20372 is connected to a first input of Second Multiplier Arithmetic and Logic Unit ^^^l^lf}-^^^^^ 
A second input of MULTALU2 20374 is connected from output of RFR 20336 Output of WULTALU2 is 
connected to a second input of FRS 20362. As de^bed above, first input of FRS 20362 is connected from 
output of NIBSHF 203^. Output of FRS 20362 is connected to input of RFR 20^. 

As described above, output of RFR 20336 is connected to second input of MULTALU2 to first 
Input of MULTRF 20350, to first input of MULTRM 20334, and to second i"P"J^ofJ^OJJ 20m ^^^^^^^ of 
RFR 20336 is also connected to input of Uading Zero Detector (L2D) 20376 of MULTCNTL 20318, and to 
inputs of Exception Logic (ECPT) 20378, CONSCE 20352, and TSTINT 20320. 

4. Exponent Logic 20316 . , .^^ 

Referring to EXP 20316, as previously described EXP 2031 6 performs certain operations with respect to 
exponent fields of single and double precision floating point number in EU 10122 floating point operations, 
EXP 20316 includes a second portion of EU 10122's general register file, shown herein as ^o^iem Re£i^er 
RIe (EXPRF) 20380. Although indicated as individual register files, MULTRF 20350 and EXPRP 203TO 
comprise, as in GRF 10354, a unitary register file structure with common, parallel addressing of 
corresponding registers therein. . ^r-wnnf-o/w^on • 

Output of EXPRF 20380 is connected to a second input of INSELA 20330. Afirst mput of EXPRF 20380 is 
connected from output of EXRM 70332. As previously described, a first input of EXRM 20332 ts connected 
from second output of OPB 20322 through EXPO Bus 20325, A second input of EXRM 20332 ts connected 
from ou^ut Scale Register (SCALER) 2033a A second input of EXPRF 203^) is 
Sign Logic (SIGN) 20382. Input of SIGN 20382 is connected from second output of SCALER 20338. 

INSELA 20330, INSELB 20348, Exponent ALU (EXPALU) 20384 and SCALER 20338 comprise EXP 
^16*3 arithmetic circuitry for manipulating exponent fields of floating point numbers. INSELA 20330 and 
INSELB 20348 select, respective, first and second inputs to EXPALU 20384, As previously desoj^d, a firct 
input of INSELA 20330 is connected from second output of OPB 20322 through EXPO Bus 20325. Second 
input of INSELA 20330 is connected from output of EXPRF 20380. Output of INSELA 203^ is connected to 
first input of EXPALU 20384. First input of IN^LB 20348 is, as previously described, connect^ from a 
second output of mCRD 20346. Second input of INSEU 20348 ts connected from output f O^X^^ 
through EXPO Bus 20325. Third input of INSELB 20348 is connected from output of SCALER 20338 and 
fourth input of INSELB 20348 is connected from output of LZD 20376. Output of INSELB 20348is connected 
to second input of EXPALU 20348. Output of EXPALU 20348 is connected to input of SCALER 20^. 

As previously descnbed, second output of SCALER 20338 is connected with input of SIGN 20382 and 
first output is connected to second input of EXRM 20332 and to third input of INSELB 20348. Rrst output of 
SCALER 20338 is also connected to EXPO Bus 20325, to first input of EXOM 20326, and to a second input of 
MULTCNT 20364. 

6. Multiplier Control 20318 

As previously described, MULTCNTL 20318 provides certain control signals and information for 
controlling and coordinating operation of EXP 20316 and MULT 20314 in performing arithmetic operations 
on floating point numbers. MULTCNTL 20318 includes LZD 20376 and MULTCNT 20364. Input of LZD 20376 
is connected from output of RFR 20336 through FR Bus 20337. Output of LZD 20376 are connected to a 
second input of MULTCNT 20364 and to fourth Input of INSELB 2034a A second input of MULTCNT 20364 
is connected from output of SCALER 2033a As previously described, control output of MULTCNT 20364 is 
connected to control inputs of NIBSHF 20358. 



6. Test and Interface Logic 20320 . ^ i - rr<rrnnM\ 

Finally, TSTINT 20320 includes ECPT 20378, CONSCE »)352, and Testing Condition >-<>9»c t^TCON^ 
20386. Input of ECPT 20378 and first input of CONSIZE 20352 are connected from output of RFR 20336 
through FR Bus 20337, A second input of CONSIZE 20352 is connected from LENGTH Bus 20226. An output 
of CONSIZE 20352 is connected, together with other inputs from EU 10122 (not shovwi for danty of 
presentation) to TSTCQN 20386. Output of TSTCON 20386 (not shown for clarity of P/esertation) are 
connertwJ to NAG 20340. TSTCON 20386 and ECPT 20378 have outputs to and inputs from FU 10120 s 

'^''iLv-mg^esc^ the overall structure of EU 10122 above, operation of EU 10122 will d^"*^?^^®^^ 
below with aid of further diagrams which will be introduced as required. Rnally, operation of TSTll^ 20^0 
will be described, including a description of the detailed control signal interfere betw^n EU iy\22 
10120 through TSTINT 20320 and FUINT 20238. In addition to defining the interface tetween fcU loiz^ ana 
FU 10120 certain features of EU 10122 operation will be described wherein those operations are executed 
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in cooperation with MEM 10112 and FU 10120. For exannple, £U 10122's Stack Mechanlsnis, comprising in 
part portions of MULTRF 20350 and EXPRF 20^, resides partly in MEM 10112 so that operation of EU 
10122*8 Stack Mechanisms requires cooperative operations by EU 10122. MEM 10112 and FU 10120. 

5 . 

b. Execute Unit 10122 Operation (Rg, 255) 
1. Execute Unit Control Logic 20310 (Fig. 255) 

Referring to Rg. 255, a more detailed block diagram of EUCL 20310 is shown* As described above. 
EUCL 20310 receives EU 10122 Dispatch Pointers through EUDIS Bus 20206 from EUSDT 20266 and FUCTL 
w 20214, EU 10122 Dispatch Pointers select certain EU 10122 microinstruction sequences for executing EU 
1 0122 arithmetic operations as required to execute user's programs, that is SOPs, and to assist in handling 
JP 101 14 Ev«its. As described above, major elements of EUCL 20310 include COMQ 20342, EUSITT 20344, 
mCRD 20346, and NAG 20340. 

15 

B.a. Command Queue 20342 
inputs of COMQ 20342 are connected from EUDIS Bus 20206 to receive and store EU 10122 Dispatch 
pointers provided from EUSDT 2026a Each such EU 10122 Dispatch Pointer is comprised of two 
information fields. A first information field contains a 10 bit starting address of a corresponding sequence 

20 of microinstructions residing in EUSiTT 20344. Second field of each EU 10122 Dispatch Pointer is a 6 bit 
field containing certain control information, such as information identifying data format of corresponding 
operands to be operated upon. In this case unit dispatch pointer control field bits specify whether operands 
to be operated upon comprise signed or urtsigned integer, packed or unpacked decimal, or single or double 
precision floating point numbers. 

25 COMQ 20342 Is comprised of two one word wide by two wonJ deep register files. A first of these 
register fields is comprised of SOP Command Queue Control Store (CQCS) 2^10 and SOP Command 
Queue Address Store (CQAS^ 25512, Together, CQCS 25510 and CQAS 25512 comprise a one word wide by 
two ward deep register file for receiving and storing EU 10122 Dispatdi Pointers corresponding to SOPs, 
that is Dispatch Pointers for initiating EU 10122 operations directly concerned vwth executing a user's 

30 program. Address fields of ^ese SOPs are recent in CQAS 25512, v/hile control fields are received and 
stored in CQCS 25510. COMQ 20342 is thereby capable of receiving 8tkI storing up to two sequential EU 
10122 Dispatch Pointers corresponding to user program SOPs These SOP derived Dispatch Pointers are 
executed in the order received from FU 10120. EU 10122 is thereby capable of receiving and storing one 
currently executing SOP Dispatch Pointer and one pending SOP Dispatch Pointer. Further SOP Dispatch 

3S Pointers may be read into CX)MQ 20342 as previous SOPs are executed. 



b.b. Command Queue Evem Control Store 25514 and Command Queue Evem Address Control 
Store 25516 

40 Command Queue Event Control Store |CQCE) 2K14 and command Queue Event Address Control 

Store (CQAE) 25516 are similar in function and operation to, respectively, CQCS 25510 ad CQAS 25512. 
CQCE 25514 and CQAE 25516 receive and store, however, EU 10122 Dispatch Pointers initiating EU 10122 
operations requested by FU 10120 as required to handle JP 10114 Events. Again, CQCE 25514 and CQAE 
25516 comprise a one word wide by two word deep register file. CQAE 25516 receives and stores address 

45 fields of Event Dispatch Pointers, while CQCE 25514 receives and stores corresponding control fields of 
Event Di^3atch Pointers. Again, COMQ 20342 is capable of receiving and storing up to two sequential Event 
Dispatch Pointers at a time. 

As indicated in Rg. 255, outputs of CQAS 25512 and CQAE 25516, that is address fields of EU 10122 
Dispatch Pointers are provided as inputs to Select Case Multiplexer {SCASE) 25518 and Starting Address 

so Select Multiplexer {SAS) 25520 end NAG 20340, which will be described further below. Control field 
outputs of CQCS 25510 and CQCE 25514 are provided as inputs to 0P6 20322, described further below. 



cc. Execute Unit S-lnterpreter Table 20344 

55 Referring to EUSITT 20344, as described above EUSITT 20344 is a memory for storing sequences of 
microinstructions for controlling operation of EU 10122 in response to EU 10122 Dispatch Pointers received 
from FU 10120. These microinstruction sequences may, in general, direct operation of EU 10122 to execute 
arithmetic operations in response to SOPs of user's programs, or aid direct execution of EU 10122 
operations required to service JP 101 1 4 Events. EUSITT 20344 may be, for example, a 60 bit wide by 1,280 

60 word long memory structured as pages of 128 words per page. A portion of EUSITT 2p344's pages may be 
contained in Read Only Memory, for example for storing sequence of microinstructions for handling JP 
101 14 Events. Remaining portions of EUSITT 20344 may be constructed of Random Access Memor/, for 
example for storing sequences of microinstructions for executing EU 10122 operations in response to user 
program SOPs. This structure allows EU 10122 microinstruction sequences concerned with operation of JP 

€5 10114's internal mechanisms, for example handling of JP 10114 Events, to be effectively permanentiy 
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stored in EUS.TT 20344. That portion of EUSITT 20344 constructed S^''^^"; ^J^^Z'^l^^ 
used to store sequences of microinstructions forexecutingSOPs-TheseRando^^ 
used as writable control store to allow sequences of "^icroinstruchons for exeoAng SO^ of one or more 
S^jnguages currently being utilized by CS 10110 to be written into EUSITT 20344 from MEM 10112 as 

"'"i^previouslv described, EUSITT 20344's second input is a Data (DATA) '"f 

10142. EUSrrr 20344's data input is utilized to write sequences of 'r'*™'"jl™'*'°,?nru„n.rt^nB^^ 

from MEM 10112through JPD Bus 10142. EUSITT 20344's first input .san address (ADW 'np<^«n'«ilg 

Sm Srt of Address Driver (ADRD) 25522 and NAG 20340. ^--r^s inp^ fj^^ 

select word locations within EUSfTT 20344 for writing of mK:roinstructions into E^nr or lo 

SigTf microinstructions from EUSITT 20344 to mCRD 20346 to «)n^ol 

Gen^r^ion of these address inputs to EUSITT 20344 by NAG 20340 will be descnbed further below. 

d.d. Microcode Control Decode Register a)346 a ^ranoMAR ic 

Output of EUSFTT 20344 is connected to input of mCRD 20346. As previously descnbed, mCRO 20346 is 
a register for receiving microinstructions from EUSTTT 20344, and decoding logic for decoding tho» 
microinstructions and providing corresponding control signals to EU 10122. As 
Diagnostic processor Micro-Program Register (DPmR) 2S524 is a 60 bit ^^r corojerted m jwrahe^^ 
output of EUSTTT 20344 to input of mCRD 20346. DPmR 25524 may be loaded with 60 bit 
by DP 10118. Kagnostic microinstructions may thereby be provided directly to input of mCRD 20346 to 
provide direct mlcroinstrumion by microinstruction control of EU 10122. w<»»ii£.h 
Outputs of mCRD 20346 are provided, in general, to all portions of EU 10i:a to cort^*^''^^ 
operations of EU 10122. Certain outputs of mCRD 20346 are <»nne«ed »o '"P^ ^t^e^ Addr^^^ 

Multiplexer (NASS) 25526 and Long Branch Page Address Gate (LBPAG) 255M ^AG ^OMO^^ 
will be des«fbed further below, these outputs of mCRD 23046 are used fl«"«"^"B '"^^^^ 
EUSTTT 20344 when particular microinstructions sequences call 

microinstniction sequences. Outputs of mCRD 20346 are also OOTne«ed in iMraHel »« "^Pf^ °* 

Unit MicfD^nstruction Parity Check Logic lEUmlPC) 25530. EUmlPC 25530 *ecks panty of all 

microlnstmctlon outputs of mCRD 20346 to detected errors in mCRD 20346*8 outputs. 

eue. Next Address Generator 20340 k Ancn 

As described above, read and vwite addresses to EUSTTT 20344 provided by NAG 20340 ttmnigh ADRD 
2552Z Address Inputs to ADRD 25522 are provided from either NASS 25M6 or Oiagnoshc Pro^' 
Address Register (DPAR) 25532. In normal operatloa address inputs ^ EUSm" ZM^Iare pjw 
NASS ^6 as wiB be described momentarily. DP 10118. however, may load EUSTTT 0844 address« ir^ 
DP^ These addresses may then be read from DPAR 25532 through ADRD 2K22 to 'nd«v^«y 

select address locations within EUSITT 20344. DPAR 25532 may be utilized, in particular^o provide 
addresses to allow stepping through of EU 10122 microinstruction sequences microinstruction by 

'"'"AL"Sted above, NASS 25526 is a multiplexer having ''"^^^ ^^"'Z^^r.It^A^Jtt^ 
sources. NASS 25526'B first address input is from Jump (JMP) output of mCRD 20346 LBPAG 25^ 
These address inputs are utilized, in part, v^rhen a cunwrt microinsmjction calls for a .^""^^ ^'^i^'^J^ 
to another microinstruction or microinstruction sequence. Second address source is provided 5*'" SAS 
25520 and. in general, is comprised of starting addresses of microinstniction sojuenoK. SAS 2»20 is a 
multiplexer h^ng a first input from CQAS 25512 and CCIAE 2K16. *at «|rti"9 addr^« of 
microinstruction sequences corresponding to SOPs or for serynang JP "I^Eyents^ second SAS 25H0 
input is provided from Subroutine Retum Address Stack (SUBRA) 25534. In genera^, ""f^f J«" °« 
drecribed furtiier below, SUBRA 25534 operates as a stack mechanism for stonng current microinstruction 
addm^ of interrupted microinstruction sequences. These stored addresses may sulBOjuentt^ b^ 
utilized to resume execution of those intemipted microinstniction sequences. J^^.^;]^ 2?,^ 
NASS 25526 is provided from Sequential and Case Address Generator (SCAG) 25536. In general. SCAG 
25536 generate address to select sequential microinstructions within particular microiretfuction 
seauenws. SCAG 25536 also generates microinstruction address for microinstruction Case operations. As 
S^n^ IS^uts of SCAG 25536 and of SAS 25520 are bused together to compnse a single 
nSIkM input SeSion between outputs of SCAG 25536 and SAS ^520 ^^'^';^'^^^ 
inputs (not sho^ for clarity of presentation) to SCAG 25536 and SAS 25520. Selection b^n NAg 
2^6's address inputs is controlled by Next Address Source Select Control Logic (NASSC) 2^, wh«h 
provides control inputs to NASS 25526. NASSC 25638 is effecUvely a mufoplexerre«^^^ 
from TSTCON 20386 and TSTINT 20320. As v«ll be described further below. TCTCON 2CQM monitore 
certainoperating conditions or states vvithinEU 10122 and provides wrrespOTdin^ 
^SC ^ effectively decodes these control Inputs from TSTCON 20386 to provide selection control 

"'"iSiJg^dtSd overall structure and operation of NAG 20340. operation of NAG 20340 will be 
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described in further detail next below. 

Referring first to NASS 25526's address inputs provided from J MP output of mCRD 20346 and LBPAG 
25528, this address source is provided to allow selection of a next microinstruction by a current 
microinstruction. JMP output of mCRD 20346 allows a current microinstruction to direct a Jump to another 
microinstruction within the same page of EUSITT 20344. NASS 25526's input through LBPAG 25528 is 
provided from another portion of mCRD 20346*8 output specifying pages within EOSITT 20344. This input 
through LBPAG 25528 allows execution of Long Branch operations, that is jumps from a microinstruction in 
one page of EUSfTT 20344 to a microinstruction in another page. In addition, NASS 25526's inputf rom JMP 
output of mCRD 20346 and through LBPAG 25528 is utilized to execute an Idle, or Standby, routine when 
EU 10122 is not currently executing s microinstmction sequence requested by FU 10120. In this case, Idle 
routine directs TSTCON 20386 to monitor EU 10122 Dispatch Pointer inputs to EU 10122 from FU 10120. If 
no EU 10122 Dispatch Pointers are present In COMQ 2P342, or none are pending, TSTCON 20386 wnll direct 
NASSC 255^ to provide control inputs to NASS 25526 to select NASS 25526's input from mCRD 20346 and 
LBPAG 25528, Idle routine will continually test for EU 10122 Dispatch pointer inputs until such a Dispatch 
Pointer is received into COMQ 20342. At this time, TSTCON 20386 will detect the pending Dispatch Pointer 
and direct NASS 25538 to provide control outputs to NASS 26526 to select NASS ^526*5 Input from, in 
general, SAS 25520. TSTCOND 20386 and NASSC 25538 will also dirwt NASS 25526 to select inputs from 
SAS 25520 upon return from a called microir»struction to a previously interrupted microinstruction 
sequence. 

As described above, SAS 25520 receives starting addresses from COMQ 20342 and from SU8RA 
25534. SAS 25520 will select the output of CQAS 25512 or of CGAE 25516 as the input to NASS 25526 when 
a new microinstruction sequence is to be initiated to execute a user's program SOP or to service a JP 101 14 
Event SAS 25520 will select an address output of SUBRA 25534 upon return from a called sub-routine to a 
previously executing but interrupted sub-routine. SUBRA 25534, as described above. Is effectively a stack 
mechanism for storing addresses of currently executing microinstructions when those microinstruction 
sequences are interrupted. SUBRA 25534 is an 11 bit wide by 8 word deep register with certain registers 
dedicated for use in stacking Event Handling microinstruction sequences. Other portions of SUBRA 2K34 
are utilized for stacking of microinstruction sequences for executing SOPs, that is for stacking 
microinstruction sequences wherein a first microinstruction sequence calls for a second microinstruction 
sequence. SUBRA 25534 is not operated as a first-in-first out stack, but as a random access memory 
vvherein address Inputs selecting registers and SUBRA 25534 are provided by microinstnictlon control 
outputs of mCRD 20346. Operations of SUBRA 25534 as a stack mechanism Is thereby controlled by the 
microinstruction sequerK:es stored in EUSiTT 20344. As indicated in Rg. 255, addresses of current 
microinstructions of interrupted microinstruction sequences are provided to data input of SUBRA 25534 
from output of SCAG 25536, which will be described next below. 

As desaibed above, SCAG 25536 generates sequential addresses to select sequential 
microinstructions witiiin microinstruction sequences and to generate microinstruction addresses for Case 
operations. SCAG 255^ includes Next Address Register (NXTR> 25540, Next Address Arithmetic and Logic 
Unit (NAALU) 25542, and SCASE 25518. NAALU 25542 is a 1 2 bit arithmetic and logic unit A first eleven bit 
input of NAALU 25542 is connected from output of ADRD 25522 and is thereby current address provided to 
EUSITT 20344. A second four bit input to HAMX) 25542 is provided from output of SCASE 255ia During 
sequential execution of a microinstruction sequence, output of SCASE 25518 is binary zeros and carry input 
of NA/U.U is forced to 1. Output of NAALU 25542 win thereby be and address one greater than the current 
microinstruction addr^ provided to EUSPTT 20344 and will thereby be the address of the next sequential 
microinstruction. As indicated in Rg, 255, SCASE 25518 recehres an input from output of SCALER 20338. 
This input is utilized during Case operations and allows a data sensitive number to be selected as SCASE 
25518's output into second mput of NAALU 25542. SCASE 25518*5 input from SCALER 20338 thereby 
allows NAG 20340 to perform microinstaiction Case operations wherein Case Values are determined by the 
contents of SCALER 20338, 

Next address outputs of NAALU 25542 are loaded into NXTR 25540. which is comprised of tri-«tate 
output registers. Next address outputs of NXTR 25540 are connected, in common with outputs of SAS 
25520, to second input of NASS 25526 as described at>ove. During normal execution of microinstruction 
sequences, therefore, SCAG 25536 will, through NASS 2^6 and ADRD 25522, select sequential 
microinstructions from EUSITT 20344. SCAG 25536 may also, as just described, provide next 
microinstruction addresses in microinstruction Case operations. 

In summary, NAG 20340 is capable of performing all usual microinstruction sequence addressing 
operations. For example, NAG 20340 allows selection of next microinstructions by current 
miCTomstructions, either for Jump operations or Long Branch operations, through NASS 25526's input 
from mCRD 20346's JMP or through LBPAG 25528. NAG 20340 may provide microinstnjction sequence 
starting addresses through COMQ 20342 and SAS 25520, or may provide retum addresses to Interrupted 
and stacked microinstruction sequences through SUBRA 25534 and SAS 25520. NAG 20340 may 
sequentially address microinstmctions of a particular microinstruction sequence through operation of 
SCAG 25536, or may perform mciroinstruction Case operations through SCAG 25536. 
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2. Operand Buffer 20322 . ...w 

Having described structure and operatior^ of EUCL 20310, structure and operation of OPB 20322 will be 
described next below. As previouBly d^cribed, OPB 20322 receives operands, that is data, from MEM 
10112 and FU 10120 through MOD Bus 10144 and JPD Bus 10142, OPB 20322 may then perform certain 
s' ' operand format translations to provide data to MULT 20314 and EXP 20316 in the formats most efficiently 
utilized by MULT 20314 and EXP 20316. As previously described, EU 10122 may perform arithmetic 
operations on integer, padced and unpacked dedmal, and single or double preasion floating point 

numbers, . , \n • 

In summary, therefore, OPB 20322 is capable of accepting integer, single and double precision floating 

yo point, and packed and unpacked dedmal operands from MEM 10112 and FU 10120 and providing 
appropriate fields of those operands to MULT 20314 and EXP 20316 in the formats most efficientiv utilized 
by MULT 20314 and EXP 20316. in doing so, OPB 20322 extracts exponent and niantissa fields from single 
and double precision floating point operands to provide exponent and mantissa fields of these operands to, 
respeaivelVr EXP 20316 and MULT 20314, and also unpacks, or converts, unpacked decimal operands to 

IS packed decimal operands most efficiently utilized by MULT 20314. 

Having described sUucture and operation of OPB 20322, staicture and operation of MULT 20314 wnll be 
described next below. 



20 3. Multiplier 20314 (Figs. 257, 258) , ^. . , 

MULT 20314, as previously described, performs addition, subtraction, multiplication, and division 
operations on mantissa fields of single and double precision floating point operands, integer operands, and 
decimal operands. As described above writh reference to OPB 20322, OPB 20322 converts unpacked decimal 
operands to packed decimal operands to be operated upon by MULT ^14. MULT 20314 is thereby 

25 effectively capable of performing all arithmetic operations on unpacked dedmal operands. 



a.aL Multiplier 20314 Data Paths and Memory (Rg. 2571 
Referring to Rg. 257, a more detailed block diagram of MULT 20314's data paths and memory is 
30 showm. As previously descrited, major elements of MULT 20314 include memory elements comprised of 
MULTRF 20350 and CONST 20360, operand input and result output multiplexing logic including MULTIM 
20328 and MULTBM 20334. and arithmetic operation logic MULT 20314's operand input and result output 
muttipiexing logic and nwnory elements will be described first, followed by description of MULT 2031 4's 
arithmetic operation logic. 

3S As previously described, input data, including operands, is provided to MULT 20314's arithmetic 
operation logic through MULTIN Bus 20354, MULTIN Bus 20354 may be provided vwth data from three 
sourtses. A first source is CONST 20360 which is a 512 word by 32 bit wide Read Only Memoty. CONST 
20360 is utilized to store constants used in arithmetic operations. In particular, CONST 20350 scores zone 
fields for unpacked dedmal, that is ASQ character, operands. As previously described, unpacked decimal 

40 operands are received by OPB 20322 and converted to packed decimal operands for more efficient 
utilization by MULT 20314, As such, final reailt outputs generated by MULT 20314 from such operands are 
in packed dedmal fonnat As will be described below, MULT 20314 may be utilized to convert these packed 
decimal results into unpack^ decimal results by insertion of zone fields. As indicated in Rg- 257, address 
inputs are provided to CONST 20360 from EXPO Bus 20325 and from output of mCRD 20346. Selection 

45 between these address inputs is provided through CONST Address Multiplexer (CONSTAM) 2571 0. CONST 
20360 addresses will, in general, be provided from EUCL 20310 but alternately may be provided from EXPQ 
Bus 20325 for special operations. 

Operand data is provided to MULTIN Bus 20354 through MULTIM 20328/ which is a dual input 64 btt 
multiplexer. A first input of MULTIM 20328 is provided from OPQ Bus 20323 and is comprised of operand 

50 information provided from OPB 20322. OPQ Bus 20323 is a 56 bit wide bus and operand data appearing 
thereon may be comprised of 32 bit integer operands; 32 bit packed decimal operands, either provided 
directly from OPB 20322 or as a result of OPB 20322*8 conversion of an unpadced dedmal to a packed 
dedmal operand; 24 bit single precision operand mantissa fields; or 56 bit double predsion floating point 
operand mantissa fields. As previously described, certain OPQ Bus 20323 may be zero or sign extension 

55 filled, depending upon the particular operand. 

Second input of MULTIM 20328 is provided from MULTRF 20350. MULTRF 20350 is a 16 word by 64 bit 
wide random access memoiY. As indicated in Figs, 203 and 257, MULTRF 20350 Is connected between 
output of RFR 20336, through FR Bus 20337. and to input of MULT 20314's arithmetic operation logic 
through MULTIM 20328 and MULTIN Bus 20»1. MULTRF 20350 may therefore be utilized as a scratch pad 

60 memory for storing intermediate results of arithmetic operations, induding retterathre arithmetic 
operations. In addition, a portion of MULTRF 20350 is utilized, as in GRF 10354, as an EU 10122 Stack 
Mechanism similarto MIS 10368 and MOS 10370 in FU 10120. Operation of EU 10122 Stack Mechanism will 
be described in a following descripion of EU 10122's interfaces to MEM 10112 and RJ 10120. Address 
Inputs (ADR) of MULTRF 20350 are provided from Multiplier Register File Address Multiplexer 

6s (MULTRFAM) 25712. 
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MULTRFAM 25712 is a dual four bit multiplexer comprised, for example, of SN74S258| In addition to 
address inputs to MULTRF 20350, MULTRFAM 25712 provides address inputs to EXPRF 20380. As 
previously described. MULTRF 20350 and EXPRF 20380 together comprise en EU 10122 general register pie 
similar to GRF 10354 and FU 10120. As such, MULTRF 20350 and EXPRF 20380 are addressed Pf l^l^fi^^ 
read and write parallel entries from and to MULTRF 20350 and EXPRF 20380. Address inputeto MULTRFAM 
25712 are provided, firet from outputs of mCRD 20346, thus providing microinstruction control ot 
addressing of MULTRF 20350 and EXPRF 20380. Second address input to MULTRFAM 25712 is provided 
from output of Multiplier Register Re Address Counter (MULTRFAC) 25714. 

MULTRFAC 25714 is a four bit counter and is used to generate sequential addresses to MULl Rl- 2a35U 
and EXPRF 20380. Initial addresses are loaded into MULTRFAC 25714 from Multiplier Register File Address 
Counter Multiplexer (MULTRFACM) 25716. MULTRFACM 25716 is a dual four bit multiplexer. Inputs to 
MULTRFACM 25716 are provided, first, from outputs of mCRD 20346. This input allows microinstrut^on 
selection of an initial address to be loaded into MULTRFAC 25714 to be subsequently "sed and generatin^^ 
sequential MULTRF 20350 and EXPRF 20380 addresses. Second address input to MULTRFACM 25716 is 
provided from OPQ Bus 20323, MULTRFACM 25716's input from OPQ Bus 20323 allovirs a single adaress. or 
a starting address of a sequence of addresses, to be selected through JPD Bus 10142 or MOD Bus 10144, for 
example from MEM 10112 or FU 1D120. ^ ^ ^ - ^ * 

Intennedlate and final result outputs of MULT 20314 arithmetic logic are provided to data inputs of 
MULTRF 20350 directly from FR Bus 20337 and from MULTRM 20334. Inputs to MULTRM 20334, in turn, are 
provided from FR Bus 20337 and from output of CONSCT 20352 and TSTINT 20320. 

FR Bus 20337 is a 64 bit bus connected from 64 bit output of RFR 20336 and carries final and 
intermediate results of MULT a)314 arithmetic operations. As will become apparent in a following 
description of MULT 20314 arithmetic operation logic, RFR 20336 output, and thus FR Bus 20337, are W bits 
wide. Sfocty-four bits are provided to Insure retention of all significant data bits of certain MULT 20314 
arithmetic operation intermediate results, in particular operations involving double precision Costing point 
64 bit mantissa fields. In addition, as will be deswibed momentarily and has been previousty stated, MULT 
20314 may convert a final result in packed decimal format into a final result in unpadced decimal format In 
this operation, a angle 32 bit, or one word, packed decimal result is converted into a 64 bit or two word, 
unpacked decimal format by insertion of rone fields. 

As described above, two parallel data paths are provided to transfer information from ?H Bus 20337 
into MULTRF 20350. Rrst path is directiy from FR Bus 20337 and second path is tt^rough Unpacked Decimal 
Multiplexer (UPOM) 25718 of MULTRM 20334. Direct path is utilized for thirty-two bits of information 
compriang bits 0 to 23 and bits 56 to 63 of FR Bus 20337. Data path through UPDM 25718 may compnse 
either bits 24 to 55 of FR Bus 20337, v^lch are connected into a first input of UPDM 25718, or bits 40 
through 55 which are connected to a second input of UPDM ^18. Single precision floating point numbers 
are 32 bit numbers plus two or more guard bits and are thus written into MULTRF 20350 through bits 0 to 23 
of the direct path Into MULTKF 20350 and through first input (bits 24 to 55) of UPDM 25718, Double 
precision floating point numbere are 5 bits wide, plus guard bits, end thus utilize the direct path into 
MULTRF 20350 and the patii through first input of UPDM 25718. Bits 66 to 63 of direct patii are utilized for 
guafd bits of double precision floating point numbers. Both Integer and packed decimal numbers utilize 
bits 24 through 55 of FR Bus 20337, and are thus written into MULTRF 20350 through first input of UPDM 
257ia As previously described, bits 0 to 23 of these operands are filled by sign extension. 



a.a.a. Container Size Check 
As stated above, MULTRM 20334 has an input from C0NSI2E 20352. As will be described below with 
reference to TSTINT 20320, CONSIZE 20352 perfom\s a "container size" check upon each store back of 
results from EU 10122 to MEM 101 12, CONSIZE 20352 compares the number of significant bits in a result to 
be stored back to the logical descriptor desoibing the MEM 101 12 address space that result is to be written 
into. Where reiterative write operations to MEM 1 01 1 2 are required to transfer a result into MEM 1 01 1 2, that 
is a string transfer, container size Information may read from CONSIZE 20352 through Container Size Driver 
(CONSraD) 25720 and MULTRM 20334 and written into MULTRF 20350. This allowre EU 10122, using 
container size information stored in MULTRM 20^, to perfonn continuous container size checking during 
a string transfer of result from EU 10122 to MEM 10112. In addition, as will be described momentarily, 
container size information may be read from CONSIZE 20352 to JPD Bus 10144. 



b.b.b. Final Result Output Multiplexer 20324 . 
Referring finally to FROM 20324, as previously described FROM 20324 is i^i'^e?}^ transf^, in g^^^^^^ 
results of EU 10122 arithrhetic operations onto JPD Bus 10142 for transfer to ^EM 101 12 or f^ 10120. As 
indicated in Fig. 257, FROM 20324 is comprised of 24 bit Final Result Bus Driver (FRBD) 25722 and Result 
Bus Driver (RBR) 25724. Input of FRBD 25722 is connected from FR Bus 20337 and allows data appearing 
thereon to be transferred onto JPD Bus 10142. In particular. FRBD 25722 is utilized to trarisfer 24 bit 
mantissa fields of single precision floating point results onto JPD Bus 10142 in Pa^«»^ ^"^^^ 
corresponding exponent field from EXP 20316. RBR 25724 input is connected from RSLT Bus 20388 to allow 
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output of UPDM 25718 to be transferred onto JPD Bus 1014Z RBR 25724, RSLT Bus 20388, and UPDM 
25718 are used, in general, to transfer final results of EU10122 operations from output of MULT 20314 onto 
JPD Bus 10142. Rnal results transferred by this data path include integer, packed and unpacked decimal 
results, and nnantJssa fields of double precision floating point results. Both unpacked decimal numbers and 
5 mantissa fields of double precision floating point numbers are comprised of two 32 bit words and are thus 
transferred onto JPD Bus 10142 in two sequential transfer operations. 

Having described structure and operation of MULT 20314's memory elements and input and output 
circuitry, MULT 20314's arithmetic operation logic will be described next below. 

4. Test and Interface Logic ^320 (Rgs. 260-268) 

As previously d^ribed, TSTINT 20320 includes CONSIZE 20352, ECPT 20328, TSTCOND 20384, and 
trsTTRPT 20388. CONSIZE 20352. as previously described, performs "container size" check operations when 
results of EU 10122 operations are to be written Into MEM 10112. That is, CONSIZE 20352 compares size or 
number of significant bits, of an EU 10122 result to the capacity, or container size, of the MEM 10112 

'5 location that EU 10122 result is to be written Into. As indicated, in Rg. 203, CONSIZE 20352 receives a first 
input that is the results of EU 10122 operations, from FR Bus 20337. A second input of CONSIZE 203Si is 
connected to LENGTH Bus 20226 to receive length field of logical descriptors identifying MEM 10112 
address space into which those EU 10122 results are to be written. CONSIZE 20352 includes logic circuitry, 
for example a combination of Read Only Memory and Field Programmable Logic Arrays, for examining EU 

^ 10122 operation results appearing on FR Bus 20337 and determining the number cf bits of data in those 
results. CONSIZE 20352 compares EU 10122 result dze to logical descriptor length field and, In particular, rf 
result size exceeds logical descriptor length, provides an alarm output to ECPT 20328, described below. 

TSTCOND 20384, previously described and which will be descrited further below, Is an interface circuit 
between FU 10120 and EU 10122. TSTCOND 20384 allows FU 10120 to spedfy and examine results of 

^ certain test operations performed by EU 101 22 with reject to EU 10122 operations. 

ECPT 20328 monitors certain EU 10122 operations and provides outputs indicating when certain 
"exceptions" have occurred. These exceptions include attempted divisions by zero, floating poim exponent 
underflow or overflow, and integer container size fault 

INTRFT 20^ Is again an interface between EU 10122 and FU 10120 allowing FU 10120 to Intenupt EU 

30 10122 operations. INTRPT 20388 allows FU 10120 to direct EU 10122 to execute certain operations to aid in 
handling of certain FU 10120 events previously described. 

Operation of CONSIZE 20352, ECPT 20328, TSTCOND 20384, INTRPT 20388, and otiier features of EU 
101 2Zs interface with FU 10120 will be described further telow in the following description of operation of 
that interface and of operation of i;^tain EU 10122 internal mechanisms, such as FU 10120 Stack 

35 Mechanisms. 

a.a. FU 10120/EU 10122 Interface 
As previously described, EU 10122 and FU 10120 are asychronous processors, each operating under its 
own microcode control. EU 10122 and FU 10120 operate simuttaneousty and independ^y of each other 
40 but are coupled, and their operations coordirtated, by interface signals descnlmd below. Should EU 10122 
not be able to respond immediately to a requcstfrom FU 10120, FU 10120 will idle until EU 10122 becomes 
availaUe; conversely, should EU 10122 not receive, or have present, operands or a request for operations 
from FU 10120, EU 10122 will remain tn idle state until operands and requests for operations are received 
from FU 10120. 

45 In normal operation, EU 10122 manipulates operands under control of FU 10120, whidi in turn is under 
control of SOPs of a user's program. When FU 10120 requires arithnr)^c or logical manipulation of an 
operand, FU 10120 dispatches a command, that is an Execute Unit Dispatch Points (EUDP) to EU 10122. As 
previous described, an EUDP is basically an initial address into EUSFTT 20344. An EUDP identrfies starting 
location of a EU 10122 microinstruction sequmce performing the required operation upon operands. 

50 Operands are fetched from MEM 10112 under FU 10120 control as previously describe, and are 
transferred into OPB 20322. Those operands are then called from OPB 20322 by EU 10122 and transferred 
into MULT 20314 and EXP 20316 as previous described. After the requiresd operation is completed, FU 
10120 is notified that a resuK is ready. At this point, FU 10120 may check certain test conditions, for 
example through TSTCOND 20384, such as whether an integer or decimal carry bit is set or whether a 

ss mantissa sign bit is set or reset. This test operation is utilized by FU 10120 for conditional branching and 
synchronization of FU 10120 and EU 10122 operations. Exception checking, by ECPT 20328, is also 
performed at this time. Exception checking determines, for example, whether division by zero was 
attempted or if a coirtainer size fault has occurred, ^n general, FU 10120 is not informed of exception errors 
until FU 10120 requests exception checking. After re^ts are transferred Imo FU 10120 or MEM 101 12 by 

60 EU 10122, EU 10122 goes to idle operation until a next operation is requested by FU 10120. 

Having briefly described overall imerface operation between FU 1 0120 and EU 10122, operation of that 
interface, referred to as handshaking, will be described in greater detail next below. In general, 
handshaking operation between EU 10122 and FU 10120 during nomwt operation may be regarded as 
following into six operations. These operations may include, for example, loading of COMQ 20342, loading 

^ of OPB 20322, storeback or transfer of results from EU 10122 to FU 101^ or MEM 10112, check of test 
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conditions, exception checking, and EU 10122 idle operation. Handshaking between RJ 10120 and EU 
10122 will be described below for each of these classes of operation, in the order just referred to. 



s a^,a. Loading of Command Queue 20342 (Fig. 260) 

Referring to Fig. 260, a schematic representation of EU 10122's interface with FU 10120 for purposes of 
loading COMQ 20342 as shown. During normal SOP directed JP 101 14 operation. 8 bit operation (OP) codes 
are parsed from the instruction stream, as previously described, and concatenated with dialect information 
to address EUSDT 20266 also as previously described. EUSDT 20266 provides corresponding addresses, 

fo that is EUDPs, to EUSITT 20344. ^ ^ * 

Dialect information specifies the S-Language currently being executed and, consequently the gro»JP 
microinstruction sequences available in EUSITT 20344 for that S-Unguage. As previously descnbed, FU 
10120 may specify four S-Language dialects vwth up to 256 EU 10122 microinstruction sequences per 
dialect, or 8 dialects with up to 128 microinstruction sequences per dialect. 

EUDPs provided by EUSDT 20266 are comprised of a 9 bit address field, a 2 bit operand information 
field, and a 1 bit flag field, as previously described. Address field is starting address of a microinstruction^ 
sequence in EUSITT 20344 and EU 10122 will perform tiie operation directed by that microinstruction 
sequence. EUSITT 20344 requires 11 bits of address field and the 9 bit address field of EUDPs are mapped 
into an 1 1 bit address field by left justification and zero filling. 

20 FU 10120 may also di^wtch, or select, any EU 10122 microinstruction controlled operaton from JPu 

Bus 10142, Such EUDPs are provided from JPD Bus 10142 to data input of EUSfTT 20344 and passed 
directiy through to mCRD 20346. Before a EUDP may be provided from JPD Bus 10142, however, FU 10120 
provides a check operation comparing that EUDP to a list of legal, or allowed, EUSHT 20344 addresses 
stored in MEM 10112. Afault will be indicated if an EUDP provided through JPD Bus 10142 is not a legal 

2S EUSITT 20344 address. Alternately, FU 10120 may effectively provide an EUDP, or EUSITT 20344 
addresses, from a frteral field in a FU 10120 microinstruction word. Such a FU 10120 micnainstruction word 
literal field may be effectiveiy utilized as an SOP into EUSDT 202^. 

Handshaking between EU 10122 and FU 10120 during load COMQ 20342 operations may proceed as 
illustrated in Fig, 260, A twelve bit EUDP may be placed on EUDIS Bus 20206 and Control Signal Load 

30 Command Queue (LDCMQ) asserted. If COMQ 20342 is full, EU 10122 raises control signal Command Hold 
(CMDHOLD) which causes FU 10120 to remain in State MO until there is room in COMQ 20342. As. 
previously described, COMQ 20342 is comprised of two, two word buffers wherein one buffer is utilizied for 
normal SOP operation aiKi the other utilized for control Of FU 10120 and EU 10122 internal mechanism 
operation. 

as EUDPs are loaded into COMQ 20342 when state tirning signals M1CPT and Ml are asserted, tf a EUDP 

being transferred into COMQ 20342 concerns a double precision floating point operation, control signal Set 
Double Precision (SETDP) fe asserted. SETDP is utilized to control OPB 20322, and because single precision 
and precision floating point operatior^ otherwise utilize the same SOP and thus would othenfvise refw to 
same EUSFTT 20344 microinstruction sequence, , , 

40 At this point a EUDP has been loaded into COMQ 20342 and will be decoded to control FU 10120 

operation by EUCL 20310 as previously described. Each particular EUDP will be cleared by that EUDPs 
EUSrrr 20344 microinstmction sequence after the requested microinstruction sequence has been 
executed. 



4$ 

b.b.b. Loading of (^rand Buffer 20320 (Rg. 261) 
Referring to Fig. 261, a diagramic representation of the interface and handshaking between EU 10122, 
FU 101 20 and MEM 101 1 2 for loadfng OPB 20322 is shown. Control signal aear Queue Full (CLQFI from EU 
101 22 must be asserted by EU 10122 before FU 10120 initiates a request to MEM 101 12 for an operand to be 
50 transferred to EU 10122, CLQF clears and "EU 10122's OPB 20322 Full" condition in FU 10120. CLQF 
indicates, thereby, that there is room in OPB 20322 to receive operands. If FU 10120 is in a "EU 10122's OPB 
20322 Full" condition and further operand is required to be transferred to EU 10122, FU 10120 will remain in 
State Ml until CLQF is asserted. 

At the beginning of execution of a particular SOP, FU 10120 may transfer two operands to OPB 20322 
55 without "EU 10122's OPB 20322 Full" condition occurring. This is because EU 10122 is idle atthe beginning 
of an SOP execution and generally immediately unloads a first operand from OPB 20322 before a second 
operand arrives* 

Control signal Job Processor Operand (JPOP) provided from FU 10120 must be non-asserted for 
operands to be transferred from MEM 10112 to OPB 20322 through MOD Bus 10144. This is the normal 

60 condition of JPOP. If JPOP is asserted, OPB 20322 is loaded with data from JPD Bus 10142. Data is strobed 
into OPB 20322 from JPD Bus 10142 by control signals MICPT and JPOP. Operands read from MEM 101 12, 
however, are transferred into OPB 20322 tiirough MOD Bus 10144 when MEM 10112 asserts DAVEB to 
indicate that valid data from MEM 10112 is available on MOD Bus 10144. DAVEB is also utilized to strobe 
data on MOD Bus 10144 into OPB 20322. If control signal ZFILL from MEM 10112 is asserted at this point 

€5 ZRLL is interpreted during integer operand operations to indicate that those operands are unsigned and 
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should be left zero filled, rather than sign extended. If data is being provided from JPD Bus 10142 rather 
than from MEM 10112, that is if JPOP is asserted, bit 11 of current EUDP may be utilized to perform the 
same function as ZRLL during loading of OPB 20322 from MOD Bus 10144. 

Loading of OPB 20322 is controlled, in part by bits 9 and 10 of EUDPs provided from FU 1 01 20 through 
EUDIS Bus 20206. Bit 9 indicates length of a first operand while bit 10 indicates length of a second operand. 
Operand length, together with operand type specified in address portion of a EUDP, determines how a 
particular operand Is unloaded from OPB 20322 and transferred into MULT 20314 and EXP 20316. 

At this point both COMQ 20342 and OPB 20322 have been loaded with, respectively, EUDPs and 
operands. It should be noted that operands are generally not transferred into OPB 20322 before a 
corresponding EUDP is loaded into COMQ 20342. Operands and EUDPs may, however, be simultaneously 
transferred into EU 10122. If other operands are required for a particular operation, those operands are 
loaded into OPB 20322 as d^ribed above. 



C.C.C Storcback (Hg. 262) 

Refening to Fig. 262, a diagtamic representation of a storeback, or transfer, of results to MEM 10112 
from EU 1 01 22 and handshaking performed therein is shown. When a final result of a EU 1 0122 operation is 
available, EU 10122 asserts control signal Data Ready <DRDY). FU 10120 thereupon responds with comrol 
signal Transfer to JPD Bus 10142 (XJPD>, which gates EU 10122's result onto JPD Bus 10142. In normal 
operation, that is execution of SOPs, FU 10120 causes EU 10122's result to be stored back into a destination 
in MEM 10112, as sheeted by a physical descriptor provided from FU 10120. Alternately, a result may be 
transferred Into FU 10120, 32 bits, or one word, at a time. 

FU 10120 may, as described at>ove and described further below, check EU 10122 test conditions during 
storeback of results. FU 10120 generates control signal Transfer Complete (XFRC) once the storeback 
operation is completed. XFRC also indicates to EU 10122 that EU 10122's results and test conditions have 
been accepted by FU 10120, so that EU 10122 need no longer assert these results and test conditions. 

d.d.d. Test Conditions (Rg. 263) 
Referring to Rg. 263, a diagramic representation of cheddng of EU10122 test conditions by FU 10120, 
and handshaking therein, is shown. As previously described, test results indicating certain conditions and 
operations of EU 10122 are sampled and stored in TSTCOND 20384 and may be examined by FU 10120. 
When DRDY is asserted by EU 10122, FU 10120 may select, for example^ one of 8 EU 10122 conditions to 
test, as well as transferring results as described above. EU 10122 conditions which may be tested by FU 
10120 are listed and described below, Sudh conditions, as whether a final result is positive, negative, or 
2ero, may be checked In order to facilitate conditional branching of FU 10120 operations as previously 
described. FU 10120 spedftes a condition to be tested through Test Condition Select signals rrEST{24)). FU 
10120 asserts control signal EU Test Enable (EUTESTEN) to EU 10122 to gate the selected test condition. 
That selected test concfition then appears as Data Signal Test Condition (TC) from EU 10122 to FU 10120. A 
TC of logic 1 may, for example, indicate that the selected condition is false whHe a TC of logic O may 
indicate tiiat the selected condition is Uue. FU 1 0120 Indicates that FU 10123 has sensed the requested test 
condition, and that the test condition need no longer tje asserted by EU 10122, by asserting control signal 
XFRC. 



e.e.e. Exception Checking {Fig. 264) 

Referring to Rg. 264, a diagramic representation of exception checking of EU 10122 exceptions by FU 
10120 and handshaking therein, is shown. As previously described, any EU 10122 exception conditions 
may be checked by FU 10120 as FU 10120 is initiating storeback of EU 10122 results. Exception checking 
may detect, for example, attempted dhnsion by zero, floating point exponent underflow or overflow, or a 
container sze fault An attempted division by zero or floating point underflow or overflow may be checked 
before storebadc that is without specific request by FU 1012a 

As previously described, a container aze fault is detected by CONSIZE 20352 by companng length of 
result with size of destination container in MEM 10112. Container size exception checking occurs during 
store back of EU 10122 results, that is while FU 10120 is in State SB. Container size is automatically 
performed by EU 10122 hardware, that is by CONSIZE 20352, only on results of less than 33 bits length. Size 
d^ecking of larger results, that is larger integers and BCD results, is perfomied by a microcode routtne, 
using CONSIZE 20352's output, as transfer of such larger results is executed as string transfer. It is 
unnecessary to perform container size check for either single or double precision floating point results as 
these data types always occupy either 32 or 64 bits. Destination container size is provided to CONSIZE 
20352 through LENGTH Bus 20226, ^ x„ 

Control signal Length to Memory AON or Random Signals (LMAONRS) is generated by FU 101 20 from 
Type field of the logical descriptor corresponding to a particular EU 10122 result. LMAONRS indicates that 
the results data type is an unsigned integer, LMAONRS determines the manner in which a r«l^»'^^ 
container size of the EU 10122 result Is determined. After recewng this information from LMAONRS, EU 
10122 determines whether destination comainer size in MEM 101 12 is sufficiently large to contain the EU 
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10122 resuH. tf that destination container size is not sufficiently large^ a container size fault is detected by 
CONSEE 20352, or through an EU 10122 microinstruction sequence. 

Container size faults, as well as division by zero and exponent underflow and overflow faults, are 
signaled to Ri 10120 when FU 10120 asserts control signal Check Size (CKSIZE). At this time, EU 10122 
asserts control signal Exception (EXCPT) If any of the above faults has occurred. If a fault has occurred/ an 
Event request to FU 101 20 results. When an Event request is honored by FU 10120, FU 10120 may interrupt 
EU 10122 and dispatch EU 10122 to a microinstruction routine that transfers those exception conditions 
onto JPD Bus 10142. If a container size fault has caused that exception condition, EU 10122 may transfer to 
FU 10120 the required container size through JPD Bus 10142. 



f.f.f. Idle Routine 

Rnaliy, when a current EU 10122 operation is completed, EU 10122 goes Into an Idle loop 
microinstruction routine. If necessary, FU 10120 may assert control signal Excute Unit Abort (EU ABORT} to 
JS force EU 10122 into Idle loop microinstruction routine until EU 10122 is required for further operations. 



g^.g. EU 10122 Stack Mechanism (Figs. 265, 266, 267) 
As previously described, EU 10122 may perform either of two classes of operations. Rrst, EU 10122 
20 may perform arithmetic operations in execution of SOPs of user's programs. Second, EU 10122 may 
operate as an arithmetic calculator assisting operation of FU 10120's internal mechanisms and operations, 
referred to as kernel operations. 

In kernel operation, EU 10122 acts as an arithmetic calculator for FU 10120 during address generation, 
address translation, and other kemel functions. In kernel mode, EU 10122 Is executing microinstruction 
2S sequences at request of FU 10120 kernel microinstruction sequences, rather than at request of an SOP. In 
general, these kernel operations are vital to operation of JP 10114. FU 10120 may interrupt EU 10122 
operations vwth regard to SOPs and initiate EU 10122 microinstruction sequence to perform kemel 
operations. 

When interrupted, EU 10122 saves EU 10122's current operating state in a one level deep stack. EU 

30 10122 may then accept an EUDP from that portion of COMQ 20342 utifized to receive and store EUDPs 
regarding FU 10120's and EU 10122's internal, or kernel, operations. When requesting kernel operations by 
EU 10122, FU 10120 generally transfers operands to OPB 20322 through JPD Bus 10142, and receives EU 
10122 final results trough JPD Bus 10142. Operands may also be provided to EU 10122 through MOD Bus 
10144. After EU 10122 has completed a requested kemel operation, EU 10122 reloads operating state from 

3S its internal stack and continues rrarmal operation from the point normal operation was interrupted. 

^KHild another interrupt from FU 10120 occur while a prior Interrupt is being executed, EU 10122 
moves currem state and data, that Is of first tmerrupt, to MEM 10112. EU 10122 requests FU 10120 store 
state and date of first interrupt in MEM 10112 by requesting an "EU 10122 Stack Overflow" Event EU 
10122's "normal" state, tbat is state and data pertainirtg to the operation EU 10122 is executing at time of 

40 occurrence of first interrupt, is stored in an EU 10122 internal stack and remains there. EU 10122 then 
begirvs ex^xiting second Imerrupt When EU 10122 has completed operations for second interrupt, state 
from first interrupt is reloaded from MEM 10112 by EU 10122 requesting a "EU 10122 Stack Underflow" 
Event to FU 10120. EU 10122 then completes execution of first interrupt and reloads state and resumes 
execution of normal operation, that is the operation being executed before die first interrupt 

45 EU 10122 is therefore capable of handling interrupts from FU 10120 during two circumstances. Rrst 

interrupt circunristance is comprised of interrupts occurring during normal operation, that Is while 
executing SOPs of user's programs. Second circumstance arises when interrupts occur during kernel 
operations, that is during execution of microinstruction sequences for handling interrupts. EU 10122 
operation will be described next below for each of these circumstances, and in the order referred to. 

so Referring to Rg. 265, a diag ramie representation of EU 10122's stack mechanisms, previously 

describedr is shown. Those portions of EU 10122's stack mechanisms residing within EU 10122 are 
comprised of EU 10122's Current State Registers (EUCSRs) 26510 and EU 10122's Internal Stack (EUlS) 
26512. EUCSR 26510 Is comprised of EU I0122's internal registers which contain data and state of current 
EU 10122 operation. EUCSR 26510 may be comprised, for example, of mCRD 20346, registers of TSTINT 

55 20320, and the previously described registers within MULT 20314 and EXP 20316. 

State and data contained in EUCSR 2^10 Is that of the operation currently being executed by EU 
10122. This current state may, for example, be that of a SOP currentiy being executed t>v EU 10122, or that 
of an interrupt, for example a fourth interrupt of a nested sequence of interrupts, requested by FU 10120, 
EUlS 2^12 is comprised of certain registers of MULTRF 20350 and EXPRF 20380. EUlS 2651 2 is utilized 

^ to store and save currem state of an SOP operation currentiy being executed by EU 10122 and which has 
been imerrupted. State and data of that SOP operation will remain stored in EUlS 26512 regardless of the 
number of interrupts which may occur on a nested sequence of interrupts requested by FU 10120. State 
and data of the interrupted SOP operation will be returned from EUlS 26512 to EUCSR 26510 when all 
interrupts have been completed. 

g5 Rnal portion of EU 10122's stack nr>echanism is that portion of EU 10122's internal stack (EUES) 26514 
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residing in MEM 10112. EUES 26614 is comprised of certain MEM 10112 address locations used to store 
state and data of successive Interrupt operations of sequences of nested interrupts. That is, if a sequence of 
four interrupts is requested by FU 10120, state and data of fourth interrupt wrfll reside in EUCSR 26510 whiie 
state and data of first, second, and third mtennjpts have been transferred, in sequence, into EUES 26514. in 

5 ' * this respwjt, and as previously described operation of EU 10122*5 stack mechanisms is similar to that of, for 
example. MIS 10368 and SS 10336 previously described with reference to Rg. 103. 

As described above, an interrtjpt may be requested of EU 10122 by RJ 10120 either during EU 10122 
normal operation, that is during execution of SOPs by EU 10122, or while EU 10122 is executing a previous 
interrupt requested by FU 10120. Operation of EU 10122 and FU 10120 upon occurrence of an interrupt 

'0 during EU 10122 normal operation will be described next below. 

Referring to Rg. 266, a diagramic representation of handshaking between EU 10122 and FU 10120 
during an interrupt of EU 10122 while EU 10122 is operating in normal mode is shown and should be 
referred to in conjunction with Fig. 265. For purposes of the following discussions, interrupts of EU 10122 
operatrons by FU 10120 are referred to as nanointerrupts to distinguish from interrupts internal to FU 

« 10120. 

FU 10120 interrupts normal operation of EU 10122 by assertion of control signal Nano-lnterrupt 
(NINTP) during State MO of FU 10120 operation. NINTP may be masked by EU 10122 during certain critical 
EU 10122 operations, such as arithmetic operations. If NINTP is masked by EU 10122, FU 10120 will remain 
in State NW until EU 10122 acknowledges the interrupt 

20 Upon receiving NINTP from FU 10120, EU 10122s transfers state and data of current SOP operation 
from EUCSR 26510 to EUlS 26512. EU 10122 then asserts control signal Nano-lnterrupt Acknowledge 
(NIACK) to FU 10120 to acknowledge availability of EU 1C122 to accept a nanointerrupL FU 10120 will then 
enter State Ml and place an EUDP on EUDIS Bus 20206. Loading of COMQ 20342 tiien proceeds as 
previously described, with EU 10122 loading nanointenupt EUDPs into the appropriate registers of COMQ 

25 20342. COMQ 20342 is loaded as previously described and, if JPOP is asserted, data transferred into OPB 
20322 from JPD Bus 10142. If JPOP is not asserted, data is taken into OPB 20322 from MOD Bus 10144. EU 
10122 then proceeds to execute the required nanoimerrupt operation and storing back of results and 
checking of test conditiorts proceeds as previously described for EU 10122 normal operation. In general, 
exception checking is not performed. When EU 10122 has completed execution of the nanotntcrrupt 

30 opercition, EU 10122 transfers state and data of the intemipted SOP operation from EUiS 26512 to EUCSR 
26510 and resumes execution of that SOP, At this point, EU 10122 asserts control signal Nano-lnterrupt 
Trap Enable (NITE). NITE is received and tested by FU 10120 to indicate end of nanointerrupt processing. 

RefMTing to Rg, 267, a diagramic representation of interfaces between EU 10122, FU 10120, and MEM 
10112 during nested, or sequential, EU 10122 interrupts for kernel operations, and handshaking therein. Is 

55 shown. During tiie following discussion, ft is assumed that EU 10122 is already processing a nanointerrupt 
for a kernel operation submitted to EU 10122 by FU 10120, FU 101 20 may then submit a second, third, or 
fourth, nanointerrupt to EU 10122 for a further kernel operation, FU 10120 vwll assert NINTP to request a 
nanoimerrupt of EU 1012Z EU 10122's normal mode state and data from a previously executing SOP 
operation has been stored in, arKl remains in, EUIS 26512. Currem state and data of currentiy executing 

40 nanointerrupt operation in EUCSR 26510 will be transferred to EUES 26514 in MEM 101 12 to allow initiation 
of pending nanointerrupt EU 10122 will at this time assert NIACK and control signal Execute Unit Event 
(EXEVT). EXEVT to FU ^0^20 informs FU 10120 that an EU 10122 Event h^ occurred, specifically, and in 
this case, EXEVT requests FU 10120 service of an EU 10122 Stack Overflow. FU 10120 is thereby trapped to 
an "EU 10122 Stack Overflov/' Event Handler microinstruction sequence. This handler transfers currem 

4S state and data of interrupted nanointerrupt previously executing in EU 10122 into EUES 26514. State and 
data of interrupted nanointerrupt is transferred to EUES 2^14, one 32 bit word at a time. FU 10120 asserts 
control agnals XJPD to gate each of these state and data virards onto JPD Bus 10142 and controls transfer 
of these words into EUES 26514. 

Processing of new nanointerrupt proceeds as described above with reference to interrupte occurring 

SO during normal operation. If any subsequent nanointerrupts occur, tiiey are handled In the same manner as 
just described; FU 10120 signals a nanointerrupt to FU 10120. currem EU 10122 state and data is saved by 
FU 10120 in EUES 2^14, and new nanointerrupt is processed. After a nested nanointerrupt that is a 
nanointerrupt of a sequence of nanointerrupts. has been serviced, EU 10122 asserts control signal EU 
10122 Trap (ETRAP) to FU 10120 to request a transfer of a previous nanointerrupf s state and data from 

SS EUES 26514 to EUCSR 26510. FU 10120 wil 1 retrieve that next previous nanointerrupt stale and data from 
EUES 26514 through MOD Bus 10144 and will transfer that data and state onto JPD Bus 10142. This state 
and data is returned, one 32 bit word at a time, and is strobed into EU 10122 by JPOP from FU 10120. 
Processing of that prior nanointerrupt will then resume. The servicing of successively prior nanointerrupts 
will continue until all previous nanointerrupts have been serviced. Original state and data of EU 101 22, that 

60 is that of SOP operation which was initially intemipted, is then returned to EUCSR 26510 from EUIS 26512 
and execution of that SOP resumed. At this time, EU 10122 asserts NPTE to indicate end of EU 10122 kernel 
operations in regard to nanointerrupts. 

Having described structure and operation of EU 10122, FU 10120 and MEM 10112. with resp«:l to 
senridng of kernel operation nanointerrupts by EU 10122. loading of EU 10122's EUSITT 20344 with 

€5 nticroinstruction sequences will be described next below. 
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h.h.h.h Loading of Execute Unit S-lnterpreter Table 20344 (Rg. 268) 
Referring to Rg. 268, a diagramic representation of interface and handshaking between EU 10122, RJ 
10120, MEM 10112, and DP 10118 during loading of microinstructions into EUSITT 20344 is shown. As 
previously descrilwd, EUSrTT 20344 contains all microinstructions required for control of EU 10122 in 

5 executing kernel nanointerrupt operations and In executing arithmetic operations in response to SOPs of 
user's programs. EUSITT 20344 may store microinstruction sequences for interpreting arithmetic SOPs of 
user's programs for, for example, up to 4 different S-Language Dialects. In generaii a <»pactty of storing 
microinstruction sequences for arithmetic operations in up to 4 S-Language Dialects is sufficient for most 
requirements, so that EUSITT 20344 need be loaded with microinstruction sequences only at initialization 

w of CS 10110 operation. Should microinstruction sequences for arithmetic operations of more than 4 S- 
Language Dialects be required, those microinstruction sequences may be loaded into EUSITT 20344 in the 
manner as will be described below. 

As previously described, a portion of the microinstructions stored in EUSITT 20344 is contained in 
Read Only Menwries and is thus permanently stored in EUSITT 20344. Microinstruction sequences 

rs permanently stored In EUSITT 20344 are, in general, those required for execution of kemel operations. 
Microinstru^ion sequences permanently stored in EUSITT 20344 include those used to assist in writing 
other EU 10122 microinstniction sequences into EUSITT 20344 as required. Certain microinstruction 
sequences are stored in a Random Access Memory, refen^ to as the Writeable Control Store (WCS) 
portion of EUSfTT 20344, and include these for interpreting arithmetic operation SOPs of various S- 

20 Language Dialects. 

Writing of microinstnjction sequences into EU 10122 is initialized by forcing EU 10122 into an Idle state. 
Initialization of EU 10122 is accomplished by RJ 10120 asserting EUABORT or by DP 10118 asserting 
control signal dear {CLEAR). Either EUABORT or CLEAR will clear a current operation of EU 101 22 and force 
EU 10122 into Idle state, wherein EU 10122 waits for further EUDPs provided from fU 1012a f=U 10120 then 

25 dispatches a EUDP initiating loading of EUSITT 20344 to EU 10122 through EUDIS Bus 20206. Load EUSITT 
20344 EUDP specifies starting address of a two step microinstruction sequence in the PROM portion of 
EUSnr 20344. This two step microinstruction sequence first loads zeros Into SCAG 25530, vtfhich as 
previously described provides read and write addresses to EUSnfT 20344. EUSfTT 20344 load 
microinstruction sequence then reads a microinstruction from EUSITT 20344 to mCRD 20346. This 

30 microinstruction specifies conditions for handshaking operations with RJ 10120 so that loading of EUSITT 
20344 may begin. At this time, and from this microinstruction word, EU 10122 asserts control signal DRDY 
to FU 10120 to indicate that EU 10122 is ready to accept EUDPs from FU 10120 for directing loading of 
EUSITT 20344. Tttb initial microinstructton also generates a write enable control signal for the WCS portion 
of EUSITT 20344. inhibits loading of mCRD 20346 from EUSITT 20344, and inhibits normal loading 

3S operations of NXTR 25540 and SCAG ^36. This first microinstruction also directs MASS 25526 to accept 
address inputs from SCAG 25536 and, finally, causes NITE to FU 10120 to be asserted to unmask 
nanointerrupts from FU 10120. 

RJ 10120 then generates a read request to MEM 101 12, and MEM 101 12 transfers a first 32 bit word of a 
EU 10122 microinstruction vw>rd onto JPD Bus 10142. Each such 32 iMt word from MEM 10112 comprises 

40 onehalf ofa64bitmicroinstniCtion wordof EU 10122. When FU 10120 receive DRDY from EU 10122, FU 
10120 generates control signal Load Writeable Control Store (LDWCS). LDWCS in turn transfers a 32 bit 
word on JPD Bus 10142 Into a first address of the WCS portion of EUSHT 20344. A next 32 bit half word of a 
EU 10122 microinstruction word is than read from MEM 10112through JPD Bus 10142 and transferred into 
the serand half of that first address within the WCS portion of EUSITT 20344. The address In SCAG 25536 is 

45 then incremented to select a next address within EUSITT 20344 and the process just described repeated 
automatically jnduding generation of DRDY and LDWCS, until loading of EUSITT 20344 is completed. 

After loading of EUSITT 20344 is completed, the loading process is terminated when FU 1 01 20 asserts 
Nlisrrp, or DP 10118 asserts Control Signal Uad Complete (LOADCR). Eirtier NINTP or LCADCR releases 
control of operation of NAG 20340 to allow EU 10122 to resume normal operation. 

50 The above descriptions have descn*bed structure and operation of EU 10t22« including: execution of 
various arithmetic operations utilizing vanoira operand formats; operation of EU 10122, FU 10120, and 
MEM 101 12 with regard to handshaking; loading of EUDPs and operands; storeback of results: checking of 
test conditions and exceptions; EU 10122 Stack Mechanisms during normal and kemel operations; and 
loading of EU 10122 microinstruction sequences into EUSITT 20344. tOS 10116 and DP 10118 will be 

ge described next below, in that order. 



D. I/O System 10116 (Rgs. 204, 206, 269) 

Referring to Rg. 204, a partial b\ock diagram of lOS 101 16 is shown. As previously described, IDS 10116 
operates as an interface t>6tween CS 10110 and the external worid, for example, ED 10124. A primary 
function of lOS 1 01 16 Is the transfer of data between CS 1 01 1 0, that is MEM 1 01 1 2, and the external wori d. 
In addition to performing transfers of data, IDS 10116 controls access between various data sources and 
sinks of ED 10124 and MEM 10112. As previously described, lOS 10116 cfirectly addresses MEM 10112'$ 
physical address space to write data into or read data from MEM 10112. As such, lOS 10116 also performs 
address translation,, a mapping operation required in transferring data between MEM 10112's physical 
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address snace and address soaoes of data sources and sinks in ED 10124. „ ^ .„ 

(lOCpf 20412^ and one or more data channel devices. lOS 10116-8 data *fnneldev.ces "'av '"elude 
ECUPSE«Bur« Multiplexer Channel (EBMC) 20414, NOVA Data Caiannel <NDC)2M16^and ortier data 
chanS deS as required for a particular configuration of a CS 10110 system. lOCP 20412 controls and 
dS trans^of date between MEM 101 12 and ED 10124. and controls and directs mapprng of addresses 
Sen E D Torn and MEM 10112's physical address space. lOCP 20412 may be •^^"'P"**^' ^^l^j^P^; 
ofTgeneral purpose computer, such as an ECUPSE® M600 computer available from Data General 
Corporation of Westboro, Massachusetts, . . , ^ . . * ^ cn 

EBMC 20414 and NDC 20416 comprise data channels through which <1«? 'V'?"^^Hfrt^f^10lf? 
10124 and lOS 101 16. EBMC 20414 and NDC 20416 perform actual tranrfers of data to and fro*" ^D icn24 
under control of lOCP 20412, and perform mapping of ED 10124 addresses to MEM 10112 ph^ral 
addresses, also under control of lOCP 20412. EBMC 20414 and NDC 20416 may respectively be composed 
for^mple, of an ECUPSE* Burst Multiplexer Data Channel and a NOVA* Data Channel, also available 
from Data General Corporation of Westboro. Massachusetts. 

[Kr 2M10 comprises ICS 10116-s interface to MEM 10112. DMOVR 20410 is the P^h though 
whicTdate and addresses are transferred bet««en EBMC 20414 and NDC 20416 and MEM 10112. 
ISddWonaS. DMOVR 20410 controls access between EBMC 20414, NDC 20416, and other ICS 10116 data 
channels, and MEM 10112. nniAiiii 

ED 10124, as indicated in Fig, 204, may be comprised of one or more data sinks and sources. tD 10124 
data sinks and sources may include comnrmrdally available disc drive units, line printers, co'^T^""'^^^'^" 
lengths, tape unhs, and other computer systems, including other CS 101 10 systems. In general, ED 10124 
may include ail such data devices as are generally interfaced with a computer system. 



a. I/O System 10116 Structure (Rg, 204) 

Referring first to the overall structure of lOS 10116, data input/output of ECLIPSE* Buret Multiplexer 
Channel Adapter and Control arcuitry (BMCAC) 20418 of EBMC 20414 is conne<^ed to bi-directional BMC 
Address and Data (BMCAD) Bus 20420, BMCAD Bus 20420 in turn is connected to data and address inputs 
and outputs of data sinks and sources of ED 10124, 

S'imilariy, data and address inputs and outputs of NOVA* Data Channel Adapter Control Circuits 
(NDCAC) 20422 in NDC 20416 is connected to bi-directional NOVA* Data Channel Address and Data 
(NDCAD) Bus 20424. NDCAD Bus 20424 in turn is cormected to address and data inputs and outputs of data 
sources and sinks of ED 10124. BMCAD Bus 20420 and NDCAD Bus 20424 are pathsfortransfer of data and 
addresses between data sinks and sources of ED 10124 and !0S 10116's data channels and may be 
expanded as required: to include othw IDS 10116 data channel devices arul other data sink and source 
devicesof ED 10124. 

Within EBMC 2041 4, bi-directional data input and output of BMCAC 20418 is connected to bi-dlrecnonal 
input and output of BMC Data Buffer (BMCDB) 20426. Data inputs and data outputs of BMCDB 20426 are 
connected to, respectively. Data Mover Output Data (DMOD) Bus 20428 and Data Mover Input Data (DMID) 
Bus 20430. Address outputs of BMCAC 2041 8 are connected to address inputs of Burst Multiplexer Channel 
Address Translation Map (BMCATM) 20432 and address outputs of BMCATM 20432 are connected onto 
DMID Bus 20430. A bi-directional control input and output of BMCATM 20432 is connected from bi- 
directional 10 Control Processor Control (lOCPC) Bus 20434. 

Referring to NDC 2)416, as indicated in fig. 204 data inputs and outputs of NDCAC 20422 are 
connected, respecdvely, from DMOD Bus 20428 and to DMID Bus 204M. Address outputs of NDCAC 20422 
are connected to address inputs of NOVA® Data Oiannel Address Translation Map (NDCATM) 20436. 
Address outputs of NDCATM 20436 are, in turn, connected onto DMID Bus 20430. A bi-directional control 
input and output of NDCATM 20436 is connected from lOCPC Bus 20434. 

Referring to lOCP 20412, a bi-directional control input and output of lOCP 20412 is connected from 
lOCPC Bus 20434. Addr^ and data output of lOO* 20412 is connected to NDCAD Bus 20424. An address 
output of lOCP Address Translation Map (lOCPATM) 20438 writhin lOCP 20412 is connected onto DMID Bus 
20430. Data Inputs and outputs of lOCP 20412 are connected, respectively, to DMOD Bus 20428 and DMID 
Bus 20430. A bi-directional control input and output of lOCP 20412 is connected to a bi-directional control 
input and output of DMOVR 20410. 

Referring finally to DMOVR 20410, DMOVR 20410 includes Input Data Buffer (IDB) 20440, Output Data 
Buffer {ODB) 20442, and Priority Resolution and Control (PRC) 20444. A data and address input of IDB 20440 
IS connected from DMID Bus 2)430. A data and address output of IDB 20440 is connoted to lOM Bus 1 0130 
to MEM 10112. A data output of ODB 20442 is connected from MIO Bus 10129 from MEM 10112, and a data 
output of ODB 20442 is connected to DMOD Bus 20428. Bi-directional control inputs and outputs of IDB 
20440 and ODB 20442 are connected from bi-directional control inputs and outputs of PRC 20444. A bi- 
directional control Input and output of PRC 20444 is connected from a bi-directional control input and 
output of lOCP 20412 as described above. Another bi-directional comrol input and output of PRC 20444 is 
connected to and from lOMC Bus 10131 and thus from a control input and output of MEM 10112. Having 
de^ribed overall structure of lOS 10116, operation of lOS 10116 will be described next below. 
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b, I/O System 10116 Operation (Rg. 269) 

1. Data Channel Devices coin-io^ ♦k.«..«i. 

Referring first to EBMC 20414, BMCAC 20418 receives data and addresses from ED 10124 through 
BMCAD Bus 20420. BMCAC 20418 transfers data into BMCDB 20426, where that data Is held for subsequent 
transmission to MEM 10112 through DMOVR 20410. as will be described below. BMCAC 20418 transfers 
addresses received from ED 10124 to BMCATM 20432. BMCATM 20432 contains addr^ mapping 
Information correlating ED 10124 addresses with MEM 10112 physical addresses. BMCATM 20432 ttier^y 
provides MEM 10112 physical addresses corresponding to ED 10124 addresses provided through BMCAC 

^ When, as will be described further below, EBMC 20414 is granted access to MEM 10112 to write data 
into MEM 10112, data stored in BMCDB 20426 and corresponding addresses from BMCATM 20432 are 
transferred onto DMID Bus 20430 to DMOVR 20410. As will be described below, DMOVR 20410 then writ^ 
that data into those MEM 101 12 physical address locations. When data is to be read from MEM 101 12 to ED 
10124, data is provided by DMOVR 20410 on DMOD Bus 20428 and is transferred into BMCDB 20426. 
?5 BMCAC 20418 then reads that data from BMCDB 20426 and transfers that data onto BMCAD Bus 20420 to 
ED 10124. During transfers of data from MEM 10112 to ED 10124, MEM 10112 does not provide addressee 
to be translated into ED 10124 addresses to accompany that data. Instead, those addresses are generated 
and provided by BMCAC 20418. ^ ^ 

NDC 20416 operates in a manner similar to that of EBMC 20414 except that data inputs and outputs of 
20 NDCAC 20422 are not buffered through a BMCDB 20426. 

As previously dew;ribed, MEM 10112 has capadty to perform block transfers, that is sequential 
transfers of four 32 bit words at a time. In general, such transfers are perf^ormed through EBMC 20414 and 
are buffered through BMCDB 20426, That is, BMCDB 20426 allows single 32 bit words to be rec^ved from 
ED 10124 by EBMC 20414 and stored therein until a four word block has been received. That block may then 
2S be transferred to MEM 10112. Similarly, a block may be received from MEM 10112, stored in BMCDB 20426, 
and transferred one worel at a time to ED 10124. In contrast, NDC 20416 may generally be utilized for single 
word transfers. _ , ^ 

As indicated in Rg. 204, EBMC 20414, NDC 20416, and each data channel device of lOS 10116 each 
contain an individual address transla^on map, for-example BMCATM 20432 in EBMC 20414 and NDCATM 
20436 in NDC 20416. Address translation maps stored therein are effectively constructed and controlled by 
lOCP 20412 for each data channel device. lOS 10116 may thereby provide an individual and separate 
address translaUon map for each lOS 10116 data channel device. This allows lOS 10116 to insure that no 
two data channel devices, nor two groups of data anks and sources in ED 1 0124, will mutually mterfere by 
writing into and destro>^ng data in a common area of MEM 101 12 physical address space. Alternately, lOS 
10116 may generate address translation maps for two or more data channel devices wherein those maps 
share a common, or overlapping, area of MEM 101 \7!s physical address space. This allows data stored in 
MEM 1011210 be transferred between lOS 10116data channel devices through MEM 10112, and thus to be 
transferred betwe«i various data sink and source devices of ED 10124, For example, a first ED 10124 data 
source and afirst lOS 10116data diannel may write data to be operated upon into a particular area of MEM 
40 10112 address space. The results of CS 10110 operations upon that data may then be written mto a 
common area shared by that first data device and a second data device and read out of MEM 10112 to a 
second ED 10124 date sink by that second data channel devica Individual mapping of lOS 10116's data 
channel devices thereby provides total flexibility in partitioning or sharing of MEM 101l2's address space 
through lOS lOlia 
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2. I/O Control Processor 2041 2 

As described above, lOCP 20412 is a general purpose computer whose primary function is overall 
direction and control or data transfer between MEM 10112 and ED 10124. lOCP 20412 controls mapping of 
addresses between lOS 10116's data channel devices and MEM 10112 address space. In this regard, lOCP 
20412 generates address translation maps for lOS 10116's data channel devices, such EBMC 20414 and 
NDC 20416- lOCP 20412 loads these address translation maps into and comrols, for example, BMCATM 
20432 of EBMC 20414 and NDCATM 20436 and NDC 20416 through lOCPC Bus 20434. lOCP 20412 also 
provides certain control functions to DMOVR 20410, as indicated in Fig. 204. In addition to these functions, 
lOCP 20412 is also provided with data and addressing inputs and outputs. These data addressing inputs 
and outputs may be utilized, for example, to obtain information utilized by lOCP 20412 in generating and 
controlling mapping of addresses between lOS 101 16's data channel devices and MEM 101 1Z Also, these 
data and address inputs and outputs allow lOCP 20412 to operate. In part, as a data channel device. As 
previously described, lOCP 20412 has data and address inputs and outputs connected from and to DMID 
Bus 20430 and DMOD Bus 20428. lOCP 2041 2 thus has access to data being transferred between ED 1 0124 
and MEM 10112, providing lOCP 20412 with direct access to MEM 10112 address apace. In addition, lOCP 
20412 is provided witii control and address outputs to NDCAD Bus 20424, thus allowing lOCP 20412 partial 
control of certain data source and sink devices in ED 10124. 
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3. Data Mover 20410 <Rg. 269) 

a^. Input Data Buffer 20440 and Output Data Buffer 20442 
As described aliove, OMOVR 20410 comprises an interface between lOS 1 0lio's data channels and 
MEM 10112. DMOVR 20410 performs actual transfer of data between lOS 1011 B^s data channel devices and 

5 MEM 10112, and controls access between lOS lOIIB's data channel devices and MEM 10112. IDB 20440 
and ODB 20442 are data and address buffers allowing asynchronous transfer of data between lOS 10116 
and MEM 101 12. That is, ODB 20442 may accept data frorri MEM 101 12 as that data becomes available and 
then hold that data until an lOS 10116 data channel device, for example EBMC 20414, is ready to accept that 
data. IDB 20440 aoiepts data and MEM 10112 physical addresses from lOS 10116's data channel devices. 

ro IDB 20440 holds that data and addresses for subsequent transmission to MEM 10112 when MEM 10112 Is 
ready to accept data and addresses. IDB 20440 may, for example, accept a burst, or sequence, of data from 
EBMC 20414 or single data words from NDC 20416 and subsequently provide that data to MEM 10112 in 
block, or four word, transfers as previously described. Similarly, ODB 20442 may accept one or more block 
transfers or data from ODB 20442 and subsequently provide that data to NDC 20416 as single words, or to 

w DMID 20430 as a data burst. In addition, as previously described, a block transfw from MEM 101 12 may not 
appear as four sequential words. In sudh cases, ODB 20442 accepts the four words of a block transfer as 
they appear on MIO Bus 101 29 and assembles those words into a block comprising four sequential words 
for subsequent transfer to ED 10124. 

Transfer of data through IDB 20440 and ODB 20442 is controlled by PRC 20444, which exchanges 

io control signals with lOCP 20412 and has an interface, previously described, to MEM 10112 through lOMC 
Bus 10131. 



b.b. Priority Resolution and Control 20444 (Rg. 269> 
25 As previously described, PRC 20444 controls access tietween lOS 101 16 data channel devices and MEM 

101 12. This operation is performed by means of a Ring Grant Access Gwierator (RGAG) within PRC 20444, 
Referring to Rg. 270, a diagramic representation of PRC 20444's RGAG is shown. In general, PRC 
20444's RGAG is comprised of a Ring Grant Code Generator (RGCG) 2©10 and one or more data channel 
request comparators, tn Rg, 269, PRC 20444's RGAC is shown as including ECUPSE® BurstM^ultipl«<er 
30 Channel Request Comparator (EBMCRC)26912, NOVA* Data Channel Request Comparator (NDCRC) 26914, 
Data Channel Device X Request Comparator (DCDXRC) 26916, and Data Channel Device Z Request 
Comparator {DCDZRC) 2^18. PRC 20444's RGAG may include more or fewer request comparators as 
required by the number of data channel devices within a particular lOS 10116. 

As indicated In Rg. 269, Request Grant Code {RGC} outputs of RGCG 26910 are connected m parallel to 
35 Ursi inputs of EBMCRC 2^12, NDCRC 2©14. OCDXRC 26916, and DCDZRC 26918. Second inputs of 
EBMCRC 2^12, NDCRC 26914, DCDXRC 26916, and DCDZRC :»918 are connected from other portions of 
PRC 20444 and recent indications that respectwely, EBMC 20414, NDC 20416, DCDX, or DCDZ has 

submitted a request for a read or write access to MEM 10112- ^ 

Request Grant Outputs (GRANT) of EBMCRC 26912, NDCRC 26914, DCDXRC 26916, and DCDZRC 26918 
40 are in turn connected to other portions of PRC 20444 drcuitry to indicate when read or write access to MEM 
10112 has been granted in response to a request by a particular lOS 10116 data chann^ device. When 
indication of such a grant is provided to those other portions of PRC 20444, PRC 20444 proceeds to generate 
appropriate control signals to MEM 10112, through lOMC Bus 10131 as previoifily described, to IM 20440 
and ODB 20442, and to lOCP 20412. PRC 20444's control signals initiate that read or write request to that 
45 lOS 10116 data channel device. Grant outputs of EBMCRC 26912, NDCRC 26914, DCDXRC 26916, and 
DCDZRC 26918 are also provided as inputs to RGCG 26910 to indicate, as described further below, when a 
particular lOS 10116 has requested and been granted access to MEM 10112. 

As indicated in Rg. 269, a diagramic figure above RGCG 26910, RGCG generates a repeated sequence 
of unique RGCs. Herein indicated as numeric digits O to 15. Each BGC identifies, or defines, a particular 
time slot during which a lOS 10116 data channel device may be granted access to MEM 10112. Certain 
RGCs are, effectively, assigned to particular lOS 10116 data channel devices. Each such data channel d^^ 
may request access to MEM 10112 during its assigned RGC identified acc^ slots. For example, EBMC 
20414 is shown as being allowed access to MEM 10112 during those access slots identified by RGCs 0, 2, 4, 
6 8 10 12, and 14. NDC 20416 is indicated as being allowed access to MEM 101 12 during RGC slots 3, 7, 11, 
and 15. DCDX is allowed access during slots 1 and 9, and DCDZ is allowed access during RGC slots 5 and 
13. 

As described above, RGCG generates RGCs 0 to 15 in a repetitive sequence. Dunng occurrence of a 
particular RGC, each request comparator of PRC 20444'3 RGAG examines that RGC to determme whether 
its associated data channel device is allowed access during that RGC slot, and whether that associated date 
channel device has requested access to MEM 10112. If that associated data channel device is allowed 
access during that RGC slot, and has requested access, that data channel device is granted access as 
indicated by that request comparator's GRANT output The request comparators GRANT output is also 
provided as an input to RGCG 2©10 to indicate to RGCG 26910 that access has been granted dunng that 
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^^^lf^a°pafticular data channel device has not claimed and has not been granted accras to MEM 10112 
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during ttiat RGC slot R6CG 26910 will go directiy to next RGC slot In next RGC slot, PRC 20444's RGAG 
again determines whether the particular data channel device allowed access during that slot has submitted 
a request, and will grant access if such a request has been made. If not, RGCG 26910 will again proceed 
directly to ne)ct RGC slot, and so on. In this manner, PRC 20444's RGAG insures that each data channel 

5 device of iOS 10116 is allowed access to MEM 10112 without undue delay. In addition, PRC 20444's RGAG 
prevents a single, or more than one, data channel device from monopolizing access to MEM 10112. As 
described above, each data channel device is allowed access tp MEM 101 12 at least once during a particular 
sequence of RGCs. At the same time, by not pausing within a particular RGC in wrfiich no request for access 
to MEM 10112 has occurred, PRC 20444's RGAG effectively automatically skips over those data channel 

fO devices which have not requested access to MEM 10112. PRC 20444's RGAG thereby effectively provides, 
within a given time interval, more frequent access to those data channel devices which are most busy, in 
addidon, the RGCs assigned to particular lOS 10116 data channel devices may be reassigned as required to 
adapt a particular CS 10110 to the data input and output requirements of a particular CS 10110 
configuration. That is. If EBMC 20414 Is shown to require less access to MEM 10112 then NDC 20416, 

« certain RGCs may be reassigned from EBMC 20414 to NDC 20416. Access to MEM 10112 by IOS 10116's 
data channel devices may thereby be optimized as required. 

Haonng descnbed structure and operation of IOS 10116, structure and operation of DP 10118 will be 
described next below. 

20 

E. Diagnostic Processor 10118 (Bgs. 101, 205) 

Referring to Rg. 101, as previously described, DP 10118 is interconnected with IOS 10116, MEM 10112, 
FU 10120, and BJ 10122 through DP Bus 10138, DP 101 18 is also Interconnected, through DPIO Bus 10136, 
with the external world and in particular vwth DU 10134. In addition to performing diagnostic and fault 

^ monitoring and correction operations, DP 10118 operates. In part, to provide control and display functions 
allovWng an opeiBtor to interface with CS 10110. DU 10134 may be comprised, for example, of a CRT and 
keyboard unit, or a teletype, and provides operators of CS 10110 with all control and display functions 
which are conventionally provided by a hard console, that Is a console containing switches and fights. For 
example, DU 10134, through DP 10118, allows &n operator to exercise control of CS 10110 for such 

30 purposes as system initialization and startup, execution of diagnostic processes, fault monitoring and 
identification, and control of execution of progrants. As will be described further below, these functions are 
accomplished through DP 10118*5 interfaces witii IOS 10116, MEM 10112, FU 10120, and EU 10122. 

DP 10118 is a general purpose computer system, for example a NOVA* 4 computer of Data General 
Corporation of Westbort), Massachusetts. Interface of OP 10118 and DU 10134, and mutual operation of DP 

35 10118 and DU 10134, will be readily apparent to one of ordinary skill In the arL DP 10118*8 interface and 
operation, witii IOS 10116,. MEM 10112, FU 10120, and EU 10122 will be described further next below. 

DP 101 18, operating as a general purpose computer programmed spedfrcially to perform the functions 
described above, has, as will be described below, read and write access to registers of IOS 10116, MEM 
10112, FU 10120 and EU 10122 through DP Bus 10138. DP 10118 may read data directly from and write data 

40 directiy into those registers. As will be deasribed below, these registers are data and instruction registers 
and are integral parts of CS 101 lO'sdrcurtry during normal operation of CS 10110, Access to these registers 
thereby allows DP 101 18 to directly control or effect operation of CS 10110. In addition, and as also will be 
described below, DP 10118 provides, in general, all dock signals to all portions of CS 10110 circuitry and 
may control operation of that drcuitry through control of these dock signals. 

45 For purposes of DP 10118 functions, CS 10110 may be regarded as subdivided into groups of 

functionally related elements, for example DESP WZ^O in FU 10120. DP 10118 obtains ac<»ss to the 
registers of these groups, and control of clocks therein, through scan chain drcuits, as will be described 
next below. In general, DP 101 1 8 is provided with one or more scan chain drcuits for each major functional 
sub-element of CS 10110. 

50 Referring to fig. 205, a diagramic representation of DP 10118 and a typical DP 10118 scan chain is 
shown. As indicated therein, DP 10118 indudes a general purpose Central Processor Unit, or computer, 
(DPCPU) 27010. A first interface of DPCPU 27010 is with DU 10134 through DPIO Bus 10136, DPCPU 27010 
and DU 10134 exchange data and control signals through DPIO Bus 10136 in the manner to direct 
operations of DPCPU 27010, and to display the results of those operations through DU 10134, 

Assodated with DPCPU 27010 is Clock Generator (CLKG) 27012. CLKG 27012 generates, in general, all 
dock signals used within CS 10110. 

DPCPU 27010 and CLKG 27012 are interfaced with the various scan chain drcuits of CS 10110 through 
DP Bus 1Q138. As described above, CS 10110 may indude one or more scan chains for each major sub- 
element of CS 10110, One such scan chain, for example DESP 20210 Scan Chain (DESPSC) 27014 is 
€0 illustrated In Rg. 205. 

Interface between DPCPU 2701 0 and CLKG 27012 and, for example, DESPSC 2701 4 is provided tiirough 
DP Bus 10138. As indicated in Rg. 205, DESPSC 27014 indudes Scan Chain Clock Gates (SCCG) 27016 and 
one or more Scan Chain Registers (SCRs) 27018 to 27024. 

SCCG 27016 receh/cs clock signals from CLKG 27012 and control signals from DPCPU 27010 through 
65 DP Bus 10138. SCCG 27016 in tum provides appropriate clock signals to the various registers and drcuits 
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of. for example. OESP 202ia Dock control signals ptwided by DPCPU 27010 to SCCG 27016 control, or 
gate, the various clock signals to these registers and drcuhs of DESP 20210. thereby effectively allowing 
DPCPU 27010 to control of DESP 20210. 

SCRs 27018 to 27024 are comprised of various registers within DESP 20210. For example, SCRs 27018 

5 to 27024 may ifwlude the output buffer registers of AONGRF 20232. OFFGRF 20234, LENGRF 20236, output 
registers of OFFALU 20242 and LENALU 20252, and registers within OFFMUX 20240 and BIAS 20246. Such 
registers are indicated in the present description, as previously described, by arrows appended to ends of 
those regi^rs, with a first arrow Indicating an input and a second an output. In normal CS 10110 
operations, as previously described, SCRs 27018 to 27024 ofwrate as parallel in. parallel out buffer registers 

w through which data and Instructions are transferred. SCRs 27018 to 27024 are also capable of operating as 
shift registers and. as indicated In Rg. 205, are connected together to comprise a single shift register circuit 
having an input from DPCPU 27010 and an output to DPCPU 27010. Control inputs to SCRs 27018 to 27024 
from DPCPU 27010 control operation of SCRs 27018 to 27024, that is whether these registers shall operate 
as parallel In. parallel out registers, or as shift registers of DESPSC 27014's scan chain. The shift register 

15 • scan chain comprising SCRs 27018 to 27024 allows DPCPU 27010 to read the contents of SCRs 27018 to 
27024 by shifting the content of these registers into DPCPU 27010. Conversely, DPCPU 27010 may write into 
SCRs 27018 to 27024 by shifting infonnation generated by DPCPU 27010 from DPCPU 27010 and through 
the shift register scan chain to selected locations within SCRs 27018 to 27024. 

Scan chain dock generator circuits and scan chain registers of each scan chain circuit vwthin CS 10110 

20 thereby allow DP 101 18 to control operation of each n^alor sub-element of CS 101 1 0. For example, to read 
information from the scan chain registers therein, and to vmto information into those scan chain registers 
as required for diagnostic, monitoring, and control functions. 

Having described structure and operation of each major element of CS 101 10« including MEM 10112, 
FU 10120, EU 10122, lOS 10116, and DP 10118, certain operations of, in particular. FU 10120 will be 

2s described further next below. The following descriptions will further disclose operational features of JP 
10114. and in particular FU 10120, by describing in greater detail certain operations therein by further 
describing microcode control of JP 10114. 



50 F, CS 10110 Micromadilne Structure and Operation (Rgs. 270—274) 

a. Introduction ^ . ^ r-. , 

The preceding descriptions have presented the hardware structures and operation of FU 10120 and EU 
10122. The following d^ription will describe how devices in FU 10120, and certain EU 10122 devices, 
fuTKrtion together as a microprogrammable computer, henceforth tented the FU micromachlne. The FU 

35 mICTomachine performs two tasks: it interprets Slfte, and It responds to certain signals generated by 
devices in FU 10120. EU 10122, MEM 10112, and IDS 10116. The signals to which the FU micromachine 
responds are termed Event signals. In terms of structure and operation, the FU microntachine is 
characterized by the following: 

— Registers and ALUs specialized for the handling of logical descriptors. 

— Registers organized as stacks for invocations of microroutines (microinstruction sequences). 

— Mechanisms allowing microroutine invocations by means of event signals from hardware. 

— Medianisms which allow an invoked microroutine to return either to the microinstruction following the 
one which resulted In the invocation or to the microinstruction which resulted in the irrvocation. 

— Mechanisms which allow the contents of stack registers to be transfenwl to MEM 10112, thereby 
4S creating a virtual microstack of limitless size. 

— Mechanisms which guarantee response to an event signal within a predictable length of time. 

The division of the devices comprising the micromachine into two groups: those devices vvhich may be 

used by all microcode and those which may t>e used only by KOS {Kernel Operating System, 
previously described) microcode. 
so These devices and mechanisms allow the FU micromachine to be used in two ways: as a virtual 
micromachine and as a monitor micromadiine. Both kinds of micromachine use the same devices in FU 
10120, but perform different functions and have different logical properties. In the following discussion, 
when the FU micromachine is being used as a virtual micromachine, it is said to be in virtual mode, and 
when it is being used as a monitor micromachine, it is said to be in monitor mode. Both modes are 
ss introduced here and explained in detail later. 

When the FU micromachine is beirtg used in virtual mode, it has the following properties: 

— It mns on an essentially infinite micromachine stack belonging to a Process 610. 

— It can respond to any number of event signals in the MO cycle (state) of a single microinstruction. 

— A page fault may occur on the invocation of any microroutine or on retum from any microroutine. 

— vVhen the FU micromadiine is in virtual mode, any microroutine may not run to completion, i.e., 
complete its execution in a predictable length of time, or complete it at all. 

— It is executing a Process 610. 

The last four properties are consequences of the first: Event signals result in invocations, and since the 
micromachine stack is infinite, there is no limh to the number of invocations. The infinite micromachine 
^ stack is realized by placing micromachine ^ck frames on Secure Stack 10336 belonging to a Process 610, 
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and the virtual micromachine therefore always runs on a micromachine stack belonging to some Process 
610. Furthermore, if the invocation of a microroutine or a return from a microroutine requires 
micromachine frames to be transferred from Secure Stack 1 0336 to the FU micromachine, a page fault may 
result and Process 610 which is executing the microroutine may be removed from JP 10114. thereby 

* making the time required to execute the microroutine unpredictable. Indeed, if process 610 is stopped or 
killed, the execution of the microroutine may never finish. As will be seen in descriptions below, the Virtual 
Processor 612 is the means by which the virtual micromachine gains access to a Process 610'9 
micromachine stack. 

When in monitor mode, the FU micromachine has the following properties: 

w — It has a mtcronrwchfne stack of fixed size, the stack is alv/ays available to the FU micromachine, and it is 
not associated with a Process 610. 

— It can respond to only a fixed number of events cjuring the MO cyde of a single microinstruction. 

— In monitor mode, invocation of a microroutine or return from a microroutine will not cause a page 
fault - 

— Microroutines executing on the FU micromachine when the micromachine is in monitor mode are 
guaranteed to run to completion unless they themseh^es perform an action which causes them to gh^e 
up JP 10114. 

— Microroutines executing in monitor mode need not be performing functions for a Process 610. 
Again, the remaining properties are consequences of the first; because the monitor micromachine's 

stack is of fixed size, the number of events to which the monitor micromachine can respond is limited; 
furthermore, since the stack is always directly accessible to the micromachine, microroutine invocations 
and returns will not cause page faults, and microroutines running in monitor mode will run to completion 
unless they themselves perform an action which causes them to gnre up JP 10114* Rnally, the monitor 
micromachine's stack is not associated with a Process 61 0's Secure Stack 1 0336, and therefore, the monitor 

^ micromachine can both execute functions for Processes 610 and execute functions (which are related to no 
Process 610, for example,) the binding and removal of Virtual Proce^ors 612 from JP 10114, 

The d^cnption which follows first gives an overview of the devices which make up the micromachine, 
continues with descriptions of invocations on the microm^hine and micromachine programming, and 
concludes vwth detailed disaissions of the virtual and monitor modes and an overview of the relationship 

^ between the micromachine and CS 101 10 subsystems. The manr»er in which the micromachine performs 
specific operations such as SIN parsing, Name resolution, or address traTOlation may be found in previous 
descriptions of CS 10110 components which the micromachine uses to perform the operations, 

35 b. Overview of Device Comprisir^g FU Micromachine (Fig. 270) 

Rg. 270 presents an overview of the devices comprising the micromachine. Rg. 270 is based on Rg. 
201, but has t>een simplififed to improve the clarity of the discussion. Devices and subdivisions of the 
micromachine which appear in Rg. 201 have the numbers given them in that figure. When a device in Rg. 
270 appears in two subdivisions, it is shared by those subdivisions. 

40 Rg, 270 has four main subdivisions. Three of them are from Rg. 201 : FUCTL 20214, wrtiich contains the 

devices used to select the next microinstruction to be executed by tiie micromachine, OESP 20210, which 
contains stack and glot>al registers and ALUs for descrijrtor processing; and MEMINT 20212, which 
contains the devices which translate Names into logical descriptors and logical descriptors into physical 
descriptors. The fourth subdivision, EU Interface 27007, represents those portions of EU 10122 which may 

4S be manipulated by FU 10120 microcode. 

Rg. 270 further subdivides FUCTL 20214 and MEMirCT 20212. FUCTL 20214 has four subdivisions: 

— I-Stream Reader 27001, which contains the devices used to obtain SINs and parse them into SOPs and 
Names. 

— SOP Decoder 27003, which translates SOPs into locations in FU microcode (FUSITT 11012), and in 
so some cases EU microcode (EUSITT 20344), which contain the microcode that performs the 

corresponding SiNs. 

— Microcode Addr^sing 27013, which determines tiie location of the next micrmnstnjction to be 
executed in FUSITT 11012. 

— Register Addressing 2701 1, which contains devices whidi generate addresses for GRF 10354 registers. 

55 

MEMINT 20212 also has three subdivisions: 

— Name Translation Unit 27015, which contains devices which accelerate the translation of Names into 
logical descriptors. 

— Memory Reference Unit 27017, which contains devices which accelerate the translation of logical 
eo descriptors into physical descriptors. 

— Protection Unit 27019, which contains devices which accelerate primitive access checks on memory 
references made with logical descriptors. 

Rg. 270 also simplifies the bus structure of Rg. 202 by combining LENGTH Bus 20226, OFFSET Bus 
20228, and AONR Bus 20230 into a single structure. Descriptor Bus (DB) 27021. In addition, internal bus 
65 connections have been reduced to those necessary for explaining the logical operation of the 
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micromachine. The following discussion first describes those devices used by most microcode executing 
on FU 10120, and then describes devices used to perform special functions, such as Name translation or 
protection checking. 



70 



1. Devices used by Most Microcode , 

The subdivisions of the micromachine vrhich contain devices used by most microcode are Wlicrocode 
Addressing 27013, Register Addressing 27011, DESP 20210, and EU Interface 27007. In addrtion most 
micrt>code uses MOD Bus 10144, JPD Bus 10142. and DB Bus 27021. The discussion begins wrth the buses 
and then describes the other devices in the above order. 



a.a. MOD Bus 10144, JPD Bus 10142, and DB Bus 27021 
MOD Bus 10144 is the only path by which data may be obtained from MEM 10112. Data on MOD Bus 
15 10144 may have as its destination Instruction Stream Reader 27001, DESP 20210, or EU Interface 27007. In 
the firet case, the data on MOD Bus 10144 consists of SINs; in the second, it is data to be processed by FU 
10120, and in the third, it is data to be processed by EU 10122. In the present embodiment, data to be 
processed by RJ 10120 is gerwrally data which is destined for internal use in FU 10120, for example in 
Name Cache 10226. Data to be processed by EU 10122 is generally operands represented by Names in 
20 SINs. 

JPD Bus 10142 has two uses: it is the path by which data returns to MEM 10112 after it has been 
processed by JP 10114, and H is the path by which data other than logical descriptors moves l>etween the 
subdhnsions of the micromachine. For example, when CS 10110 is initialized, the microinstructions which 
are loaded into FUSITT 11012 are transferred from MEM 10112 to DESP 20210 via MOD Bus 10144, and 
25 from DESP 20210 to FUSITT 11012 via JPD Bus 10142, 

DB 27021 is the path by which logical descriptors are transferred in the micromachine. DB 27021 
. connects Name Translation Unit 27015, DESP 20210, Protection Unit 27019, and Memory Reference Unit 
* 27017. Typically, a logical descriptor is obtained from Name Translation Unit 27015, placed in a register in 
DESP 20210, and then presented to Protection Unit 27019 and Memory Reference Unit 27017 whenever a 
30 referefK» ts made using a logical descriptor. However, DB 27021 is also used to transmit cache entries 
fabricated in DESP 20210 to ATU 10228, Name Cache 10226 and Protection Cache 10234. 



b.b. Microcode Addressing 

35 As discussed here, microcode addressing is comprised of the following devices: Time rs 20296, Event 

Ugic 20284, RCWS 10358, BRCASE 20278, mi^ 20276, MCWO 20292, MCW1 20290, SITTNAS 20286, and 
FUSITT 1 101 2. All of these devices have already been described In detail and they are discussed here only 
as they affect microcode addressing. Other devices contained in Fig. 202, State Registers 20294, Repeat 
Coumer 20280, and PNREG 20282 are not directly relevant to microcode addressing, and are not discussed 

40 here. 

As has already been described in detail, devices in Microcode Addressing 27013 are loaded from JPD 
Bus 10142. The microcode addresses provided by these devices and by FUSDT 11010 are transmitted 
among the devices and to FUSOT 11012 by CSADR Bus 20204. There are six ways in which the next 
microcode address may be obtained: 
45 ~ Most commonly, tfie value in mPC 20276 is incremented, by 1 by a special AUJ in mPC 20276, thus 

yielding the address of the microinstruction following the current microinstruction. 

— If a microinstruction specifies a call to a microroutine or a branch, the microinstruction contains a literal 
which an ALU in BRCASE 2)278 adds to the value in mPC 20276 to obtain the location of the next 
microinstrucdon. 

so — If a microinstruction specifies the use of a case value to calculate the location of the next 
microinstruction, BRCASE 20278 adds a value calculated by DESP 20210 to the value in mPC 20716. 
The value calculated by DESP 20210 may be obtained from a field of a logical descriptor, thus allowing 
the micromachine to branch to different locations in microcode on the basis of type information 
contained in the logical desorptor. On return from an invocation of a microroutine, the location at 

5S which execution of the microroutine in which the invocation occurred is to continue is obtained from 

RCWS 10358. 

— At the beginning of the execution of an SIN, the location at which the microcode for the SIN begins is 
obtained from the SIN's SOP by means of FUSDT 11010. 

— Certain hardware sigr\als cause invocations of microroutines. There are two classes of such signals: 
eo Event signals, which Event Logic 20284 transforms into invocations of certain microroutines, and JAM 

signals, which are translated directly into locations in microcode. 

The addresses obtained as described above are transmmed to SITTNAS 20286, which selects one of 
the addresses as the location of ttie next microinstruction to be executed and transmits the location to 
FUSITT 1 101 2. As the location is transmitted to FUSITT 1 101 2, ft is also stored in mPC 20276. All addresses 
65 except diose for Jams are tranferred to SITTNAS 20286 via CSADR Bus 20204. Addresses obtained from 
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JAM signals are transferredjby sepatate lines to SFTTNAS 20286. 

As will be explained in detail below, microroutine calls and returns also involve pushing and popping 
micromachine stack frames and saving state contained in MCW1 20290. 

Register Addressing 27011 controls access to micromactiine registers contained in GRF 10354. As 
5 explained in detail below, GRF 10354 contains both registers used for the micromachine stack and global 
registers, that is, registers that are always accessible to all microroutines. The registers are grouped in 
frames, and Individual registers are addressed by frame number and register number. Register Addressing 
2701 1 allows addressing of any frame and register In the GRs 1 0360 of GRF 10354, but allows addressing of 
registers in only three frames of the SR's 10362: the current (top) frame, the previous frame (i.e., the frame 
preceding the top frame), and the bottom frame, that is, the lowest frame in a virtual micromachine stack 
which is still contained in GRF 10354. The valute provided by Register Addres^ng 27011 are stor^ in 
MCWO 20292. As will be explained in the discussion of microroutine invocations which follows, current and 
previous are incremented on each invocation and decremented on each return. 

76 

ca Description Processor 20210 (Rg. 271) 
DE5P 20210 is a set of devices for storing and processing logical descnptors. The Internal structure of 
DESP 2021 0's processing devices has already been explained in detail; here, ^e dt^^ssion deals primarily 
with the structure and contents of GRF 10354. In a present embodiment of CS 10110, GRF 10354 contains 
20 256 registers. Each register may contain a single logical descriptor. Fig, 271 illustrates a Logical Descriptor 
27116 In detail. In a present embodiment of CS 10110, a Logical Descriptor 27116 has four main fields; 

— RS Field 27101, which contains various flags which are explained in detail below. 

— AON field 27111, which contains the AON portion of the address of the data item represented by the 
Logical Descriptor 27116. 

25 - — OFF Field 27113, which contains the offset portion of the address of the data item represented by 
Logical Descriptor 27116. 

— LEN Field 27115, which contains the length of the data item represented by the Logical Descriptor 
27116. 

RS Field 27101 has subfields as follows: 
30 — RTD Field 27103 and WTD Field 27105 may be set by microcode to disable certain Event signals 
provided for debuggers by CS 10110. For details, see a following description of drugging aids in CS 
10110. 

— FlU Field 271 07 contains two bits. The fields are set from infom^on in the Name Table Entry used to 
construct the Logical Descriptor 27116. The bits determine how the data specified by the Logical 

35 Descriptor 27116 is to be justified and filled when it is fetched from MEM 10112. 

— TYPE Field 271<^'s four bits are also obtained from the Name Table Entry used to construct the Logical 
Descriptor 27116. The field's settings vary from S4.£nguage to S-Language« and are used to 
communicate S-Language-spectfic type information to the S-Language's S-lnterpreter microcode. 
The four Selds of a Logical Descriptor 27116 are contained in three separately^ccessible fields in a GRF 

40 10354 register: one containing RS Field 27101 and AON Field 27111, one containing OFF Retd 27113, and 
one containing LEN Field 27115. In addition, each GRF 10354 register may be accessed as a whole. GRF 
10354 is further subdivided Into 32 frames of eight registers each. An individual GRF 10354 register is 
addressed by means of its frame number and its register number within the frame. In a present 
embodiment of CS 10110, half of the frames in GRF 10354 belong to SR's 10362 and are used for 

45 micromachine stacks, and half belong to GRs 10360 for storing "global Informaton^'. In SR's 10362, each 
GRF 10354 frame contains information belonging to a single invocation of a microroutine. As previously 
explained. Register Addressing 27011 allows addressing of only three GRF 10354 frames in SR's tack 10362, 
the current top frame in the stack, the previous frame, and the bottom frame. Registers are accessed by 
specifying one of these three frames and a register number. 

so The global information contained in GHs 10360, Is Information v^lch is not connected with a single 
invocation. There are three broad categories of global information: 

— Information belonging to Process 610 whose Virtual Processor 612 is currently bound to JP 10114. 
Included in this information are the current values of Process 610's ABPs and the pointers which KOS 
uses to manage Process 610's stacks. 

55 — Infomnation required for the operation of KOS. Included In this information are such items as pointers 
to KOS data bases which occupy fixed locations In MEM 10112. 

— Constants, that is, fixed values required for certain frequently performed operations in FU 10120. 
Remaining registers are available to microprog rammers as temporary storage areas for data which 

cannot be stored In a microroutine's stadc frame. For example, data which is shared by several 
so microroutines may best be placed in a GR 10360. Addressing of registers in the GRs 10360 of GRF 10354 
requires two values: a value of 0 through 15 to specify the frame and a value of 0 through 7 to specify the 
register in the frame. 

As previously discussed in detail, each of the three components AONP 20216, OFFP 20218, and LENP 
20220 of DESP 20210 also contains ALUs, registers, and logic which allows operations to be performed on 
g5 individual fields of GRF 10354 registers- In particular. Off? 20218 contains OFFALU 20242, which may be 
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used as a general purpose 32 bit arithmetic and logical unit. OFFALU 20242 may further serve as a source 
and destination for JPD Bus 10142, the offset portion of DB 27021, and NAME Bus 20224, and as a 
destination for MOD Bus 10144. Consequently, OFFALU 20242 may be used to perform operations on data 
on these buses and to transfer data from one bus to another. For example, when an SIN contains a literal 
^ value used in address calculation, the literal value Is transferred via NAME Bus 20224 to OFFALU 20242, 
operated on, and output via the offset portion of DB 27021. 

d.d. EU 10122 Interface 

FU 10120 spedfies what operation EU 10122 is to perform, what operands it is to perform it on, and 
when it is finished, what is to be done with the operands. FU 10120 can use two devices in EU 10122 as 
destinations for data, and one device as a source for data. The destinations are COMQ 20342 and OPB 
2032Z COMQ 20342 receives the location in EUSITT 20344 of the microcode which is to perform the 
operation desired by the FU 10120. COMQ 20342 may receive the location in microcode either from an FU 
10120 mlcroroutine or from an SlN's SOP. In the first case, the location is transferred via JPD Bus 10142, 
and in the second, it is obtained from EUSDT 20266 and transferred via EUDIS Bus 20208. OPB 20322 
receives the operands upon which the operation is to be performed. If the operands come directly from 
MEM 101 12, they are transferred to OPB 20322 via MOD Bus 10144; if they come from registers or devices 
in FU 10120, they are transferred via JPD Bus 1014Z 

Result Register 27013 is a source for data. After EU 10122 has completed an operation, FU 10120 
obtains the result from Result Register 27013. FU 10120 may then place the result in MEM 10112 or in any 
device accessible from JPD Bus 10142. 

2. Spedaltzed Micromachine Devices 

Each of the groups of specialized devices serves one of OS 10110's subsystems. l-Stream Header 27001 
^ is part of the S-lnterpreter subsystem, Name Translation Unit 27015 Is part of the Name Interpreter 
subsystem. Memory Reference Unit 27017 is part of the Virtual Memory Management System, and 
Protection Unit 27019 is part of the Access Control System. Here, these devices are explained onty in the 
context of the micromachine; for a complete understanding of their furKtions within the subsystems to 
which they belong, see previous descriptions of the subsystems. 

50 

a. a, l-S^^m Reader 27<K)1 

t-Stream Reader 27001 reads and parses a stream of SlNs (tenned the l-Stream) from a Procedure 
Object GQA, 606, 608. The l-Stream consists of SOPs (operation codes}, Names, and literals. As previously 
mentioned, in a present embodiment of CS 1 01 10, the 1-Stream read from a given Procedure 602 has a fixed 
3S format: the SOPs are 8 bits long and the Names and literals all have a single length. Depending on the 
procedure, the length may be B, 12, or 16 bits. I-Stream Reader 27001 parses the l-Stream by breaking it up 
into Its constituent SOPs and Names and passing the SOPs and Names to appropriate parts of the 
micromachine. l-Stream Reader 27001 contains two groups of devices: 

— PC Values 27006, which is made up of three registers which contain locations in the l-Stream, When 
40 added to ABP P8P, the values contained in these registers specify locations in Procedure Object 901 

containing the Procedure 602 being executed. CPC 20270 contains the location of the SOP or Name 
currently being interpreted; IPC 20272 contains the location of the beginning of the SIN currently being 
executed; EPC 20274, finally, is of interest only at the beginning of the execution of an SIN; at that time, 
it contains the location of the last SIN to be executed. 
45 — Parsing Unit 27005, which is made up of INSTB 20262, PARSER 20264, and PREF 20260. The 
micromachine uses PREF 20260 to create Logical Descriptors 27116 for the l-Stream, which are then 
placed on DB Bus 27021 and used in logical memory references. The data returned. from these 
references is placed in INSTB 20262, and parsed by PARSER 20264. 

SOPs, Names, and literals obtained by PARSER 20264 are placed on NAME Bus 20224, which connects 
BO PARSER 20264, SOP Decoder 27003, Name Translation Unit 27015, and OFFALU 20242. 

b. b. SOP Decoder 27003 

SOP Decoder 27003 decodes SOPs into locations in FU 10120 and EU 10122 microcode. SOP Decoder 
27003 comprises FUSDT 11010, EUSDT 20266, Dialect Register (RDIAL) 24212, and LOPDCODE 24210. 
55 FUSDT 1 1010 are further comprised of FUDISP 24218 and FALG 24220, The manner in which these devices 
translate SOPs contained in SlNs into locations in FUSITT 11012 and EUSITT 20344 has been previously 
described. 

C.C. Name Translation Unit 27015 
m Name Translation Unit 27015 accelerates the translation of Names into Logical Descriptors 271 16. This 

operation is termed name resolution. It is comprised of two components: NC 10226 and Name Trap 20254. 

NC 10226 contains copiK of information from a Procedure Object 604's Name Table 10^0, and thereby 

makes it possible to trandate Names into Logical Descriptors 271 16 without referring to Name Table 10350. 

When a Name is presented to Name Translation Unit 27015, it is latched into Name Trap 20254 for later use 
65 by Name Translation Unit 2701 5 if required. As will be explained in detail later, in the present embodiment. 
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Name translation always begins with the presentation of a Name to NC 1Q226, If the Name has already 
been translated, the information required to construct its Logical Descriptor 271 16 may be contained in NC 
10226. If there is no information for the Name in NC 10226, Name Resolution Microcode obtains the Name 
from Name Trap 20254, uses information from Name Table 10350 for the procedure being executed to 
5 translate the Name, places the required information in NC 10226. and attempts the translation again. When 
the translation succeeds, a Logical Descriptor 27116 corresponding to the Name is produced from the 
information in Name Cache 10115, placed on DB Bus 27021, and loaded into a GRF 10354 register. 



10 d.d. Memory Reference Unit 27017 

Memory Reference Unh 27017 performs memory references using Logica! Descriptors 27116, Memory 
Reference Unit 27017 receives a command for MEM 10112 and a Logical Descriptor 27116 describing the 
data upon which the command is to be performed. In the case of a write operation. Memory Reference Unit 
27017 also receives the data being written via JPD Bus 10142. Memory Reference Unit 27017 translates 

75 Logical Descriptor 271 1 6 to a physical descriptor and transfers the physical d^riptor and the command to 
MEM 10112 via PD Bus 1014a A Memory Reference Unit 27017 has four components: ATU 10228, which 
contains copies of information from KOS virtual memory management system tables, and thereby 
accelerates toglcal-to-physical descriptor translation; Descriptor Trap 20256, which traps Logical 
Descriptors 27116, Command Trap 27018, which traps memory commands; and Data Trap 20258, which 

20 traps data on write operations. When a logical memory reference is made, a Logical Descriptor 27116 is 
presented via DB Bus 27021 to ATU 10228, and at the same time. Logical Descriptor 271 16 and the nriemory 
command are trapped in Descriptor Trap 20256 and Command Trap 27018. On write operations, the data to 
be written Is trapped in Data Trap 20258. If the information needed to form the f^yslcal descriptor is 
present in ATU 10228, the physical descriptor is transferred to MEM 10112 via PD Bus 10146. If the 

25 information needed to form the physical descriptor is not present in ATU 10228, an Event Signal from ATU 
10228 Invokes a microroutino which retrieves Logtcat Descriptor 27116 from Descriptor Trap 20256 and 
uses information contained in KOS virtual memory management system tables to make an entry in ATU 
10228 for Logical Descriptor 27116. When the mtcroroutine returns, the logical memory reference is 
r^ieated using Logical Descriptor 27116 from Descriptor Trap 20256, the memory command from 

30 Command Trap 2701 8, and on write operations, the data in Data Trap 20258. As vtnil be described in detail in 
the discussion of virtual memory management, if the data referenced by a logical memory reference is not 
present in MEM 101 12, the logical memory reference causes a page fault. 



35 e.e. The Protection Unit 27019 

On each logical menripry reference. Protection Unit 27019 checks whether the subject making the 
reference has access rights whic^ allow it to perform the action specified by the memory command on the 
object being referenced. If the subject does not have the required access rights, a signal from Protection 
Unit 27019 causes MEM 10112 to abort the logical memory reference. Protection Unit 27019 consists of 

40 Protection Cache 10234, vt^ich contains copies of information from KOS Access Control System tables, and 
thereby speeds up protection checking, and shares Descriptor Trap 20256, Command Trap 27018, and Data 
Trap 20258 with Memory Reference Unit 27017. When a logical memory referents is nnade, the AON and 
offset portions of the logical descriptor are presented to Protection Cache 10234. If Protecb'on Cache 10234 
contair\s protection information for the object specified by the AON and offset and the subject performing 

45 the memory reference has the required access, the memory reference may continue; if Protection Cache 
10234 contains protection information and the subject does not have the required access, a signal from 
Protection Cache 10234 aborts the memory r^erence. if f*rotection Cache 10234 does not contain the 
required access Information, a signal from Protection Cache 10234 at>ort$ the memory reference and 
invokes a mtcroroutirw which obtains the access information from KOS Access Con^ol System tables and 

so places it in Protection Cache 1 0234. When Protection Cache 10234 Is ready, the memory access is repeated, 
using the logical descriptor from Descriptor Trap 20256, the memory comnrwnd from Command Trap 
27018, and in the case of write operations, the data in Data Trap 20258. 



55 f.f. KOS Micromachine Devices 

As mentioned in the above introduction to . the micromachine, the devices making up the 
micromachine may be divided Imo two classes: those which any microcode written for the micromachine 
may manipulate, and those which may be manipulated exclusively by KOS microcode. The latter class 
consists of certain registers in GRs 10360 of GRF 10354, the bottom frame of the portion of the virtual 

so micromachine stack in the stack portion (Stack Registers 10362) of GRF 10354, and the devices contained in 
Protection Unit 27019 and Memory Reference Unit 27017, Because Protection Unit 27019 end Memory 
Reference Unit 27017 may be manipulated only by KOS microcode, non-KOS microcode may not use 
Descriptor Trap 20256 or Command Trap 27018 as a source or destination, may not load or invalidate 
registers in ATU 10228 or Protection Cache 10234, and may not perform physical memory references, i.e., 

g5 memory references which place physical descriptors directly on PD Bus 1 0146, instead of presenting logical 
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descriptors to Memory Reference Unit 27017 and Protection Unit 27019, Similarly. non-KOS microcode 
may not specify KOS registers in the GRs 10360 of GRF 10354 or the bottom frame of the stack portion of 
GRF 10354 when addressing GRF 10354 registers. Further, in embodiments allowing dynamic loading of 
FUSnr 11012, only KOS microcode may manipulate the devices provided for dynamic loading. 

5 In a present embodiment of CS 101 10. the distinction between KOS devices and registers and devices 

and registers accessible to all microprograms is maintained by the mtcrobinder.The mlcrobinder checks ail 
microcode for microinstrurtions which manipulate dewces in Protection Unit 27019, or Memory Reference 
Unit 27017, or wrhich address GRF 10354 registers reserved for KOS use. However, it is characteristic of the 
micromachine that KOS devices are logically and physically separate from devices accessible to all 

10 microprograms and, consequently, other embodiments of CS 101 10 may use hardware devices to prevent 
rK)n-KO$ microprograms from rrianipulating KOS devices. 

c Midromachine Stacks and MicroroutinB Calls and Returns {Figs. 272, 273) 

IS 1. Micromachine Stacks (Fig. 272) 

As previously mentioned, the FU micromachine is a stack micromachine The properties of the FU 
micromachine's stack depends on whether the FU micromachine is in virtual or monitor mode, in virtual 
mode, the micromachine stack is of essendally unlimited size; if it contains more frames than allowed for 
inside FU 10120, the top frames are in GRF 10354 and the remaining frames are in Secure Stack 10335 

20 belonging to Process 610 being executed by the FU micromachine. In the following, the virtual mode 
micromachine stack is termed the virtual micromachine stack. In monitor mode, the micromachine stack 
consists of a fixed amount of storage; in a present embodiment of CS 10110, the monitor mode 
micromachine stack is completely contained in the stack portion, SRs 10362, of GRF 10354; in other 
embodinnents of CS 10110, part or all of the monitor mode micromachine stack may l>e contained in an area 

25 of MEM 10112 which has a fixed size and a fbced location known to the monitor micromachine. In yet other 
emtxHiiments of CS 101 10, monitor mode micromachine stack may be of flexible depth in a manner similar 
to the virtual micromachine stack. In either mode, mlcroroutin^ other than certain KOS mlcroroutines 
which execute state save and restore operations may access only two frames of GRF 10354 stack: the frame 
upon which the microroutirte is executing, called the current frame, and the frame upon which the 

30 microroutine that invoked that microroutine executed, called the previous frame. KOS microroutines which 
execute state save and restore operations may in addHton access the txmom frame of that portion of the 
virtual micromachine stack which Is contained In GRF 10354. 

Rg, 272 illustrates stacks for the FU micromachine. Those portions of the micromachine stack which 
are contained in the FU are contained in SR's 10362 {of GRF 10354) and in RCWS 1035a Each register of 

35 RCWS 10358 is pem^ently associated with a GRF frame in SRs 10362 of GRF 10354, and the RCWS 10358 
register and the GRF frame together may contain one franne of a micromachine stadc. As previously 
describe, each register of GRF 10354 comains three fields: one for an AON and other information, one for 
an offset, and one for a length. As illustrated in Fig. 251, each register in RCWS 1 0358 contains four fields: 

— A one l«t field which retains the value of the Condition Code register in MCW1 202S0 at the time that 
4Q the invocation which created the next frame occurred. 

— A field indicating what Event Signals were pending at the time that the invocation to which the RCWS 
register belongs invoked another microroutine. 

— A flag indicating wfheUier the microinstruction being executed when the Invocation occurred was the 
first microinstruction in an SIN. 

45 — The address at which the execution of the invoking microroutine is to continue. 
The uses of these fields v»ll become apparent in the ensuing discussion. 

The space available for micromachine stacks in SRs 10362 and RCWS 10358 is dhrided into two parts: 
Frames 27205 reserved for MOS 10370 and Frames 27206 available for the MIS 27203. Frames 27206 may 
contain no MIS Frames 27203, or be partially or completely occupied tiy MIS Frames 27203. Space which 

so contains no MIS Frames is Free Frames 27207. The size of the space reserved for Monitor Micromachine 
Stack Frames is fixed, and Spaces 27203, 27205, and 27207 ah^^ays come in the specified order. 

Register Addressing 27011 handles addressing in Stack Portion 27201 of GRF 10354 and RCWS 10358 in 
such fashion that the vaiu^ for the locations of current previous, and t)Ottom frames specifying registers 
in RCWS 10358 or frames in Stack Portion 27201 automatically "wrap around" v»4ien they are incremented 
beyond the largest index value allowed by the sizes of the registers or decremented below the smallest 
index value. ThiK, though Spaces 27203, 272<», and 27207 always have the same relative order, their GRF 
10354 franrtes and RCVTO registers may be located anywhere in Stack Portion 27201 and RCWS 10358. 
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2. Microroutine Invocations and Returns . r-c ^A^^n 

In CS 10110, microroutines may be invoked by other microroutines or by signals from us ion u 
hardware. The methods of invocation aside, microroutine invocations and returns resemble invocations of 
and returns from procedures written in high-level languages. In the following, the general P""f»P*®^ of 
microroutine invocations and returns are discussed, and thereafter, the specific methods bywhich 
microroutines may be invok^l in CS 10110. The differences between invocations in monitor mode and 
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invocations in virtual mode are explained in the detailed discussions of the two modes. 

The microroutine which is currently being executed runs on the frame specified by Current Pointer 
2721 5, WhOT an invocaUon occurs, either because the executing microroutine performs a call, or because a 
signal which causes invocations has occurred, JP 10114 hardware does three things: 
5 — It stores state information for the invoking microroutine in the RCWS 10368 register associated with the 

current frame. The state information includes the location at which execution of the invoking 

microroutine wili resume, as well as other state Information. 
^ h Increments Current Pointer 2721 5 and Previous Pointer 2721 3, thereby providing a frame for the new 

invocation. 

w — It begins executing the first instruction of the newly Invoked microroutine. 

Because the newly-invoked microroutine can access registers of the invoking microroutine's frame, the 
invoking microroutine can pass "arguments" to the invoked microroutine by placing values in registers in 
its frame used by the Invoked microroutine. However, the invoking microroutine cannot specify which 
registers contain "arguments" on an invocation, so the invoked microroutine must know which registers of 

r$ the previous frame are used by the invoking microroutine. Since the only "arguments" which a 
microroutine has access to are those in the previous frame, a microroutine can pass arguments which it 
received from its invoker to a microroutine which it Invokes only by copying the arguments from its 
invoker's frame to its own frame; which then becomes the newly-invoked routine's previous frame. 
The return is the reverse of the above: Current Pointer 27215 and Previous Pointer 27213 are 

20 decremented, thereby "popping off" the finished invocation's frame arwl returning to the invoker's frame, 
The Invoker then resumes execution at the location specified in the RCWS 10358 register and using the 
state saved in the RCWS 10358. The saved state includes the value of the Condition Code in MCW1 20290 at 
the time of the invocation and flags indicating various pending Events. The Condition Code field in MCW1 
20290 is set to the saved value^ and the pending event flags may cause Events to occur as described in 

25 detail below. 



3. Means of Invotdng Microroutines 

In the micromachine, invocations may be produced either by commands in microir»tructions or by 

30 hardware signals, in the following, invocations produced by commands in microinstructions are termed 
Calls, while those produced by hardware signals are termed Event invocations and Jams. Invocations are 
further distinguished from each other by the locations to which they return. Calls and Jams return to the 
microinstrijction following the microinstruction in which the invocation occurs; Event invocations retum to 
that microinstruction, which is then repeated. 

25 In tenns of implementation, the different retum locations are a consequence of the point in the 
micromachine cycle at which Calls, Jams, and Event invocations save a retum location and transfer control 
to the called routine. With Calls and Jams, these operations are performed in the Ml cyde; with Event 
imfocations, on the other hand, the Event signal during the MO cyde causes the MO cycle to be followed by 
a MA cycle instead of the Ml cycle, and the operations are perfonn^ In the MA cyclo. In the Ml cyde, the 

<o value in mPC 20276 is incremented; in the MA cyde. It is not Consequentiy, the return value saved in 
RCWS 10358 on a Call or Jam is the incremented value of mPC 20276, while the retum value saved on an 
Event invocation Is the unincremented value of mPC 2027& The following discussion will deal first with 
Calls and Jams, and then with Event invocations. 

A Call comnriand In a microinstruction contains a literal value which specifies the offset from the 

45 microinstruction containing the Call at v/hich execution is to continue after the Call. When the 
microinstruction with the Call command is executed in micromachine cyde Ml, BRCASE 20278 adds the 
offset contained in the command to the current value of mPC 20276 in order to obtain the location of the 
invoked microroutine and sets SITTNAS 20286 to select the location provided by BRCASE 20278 as the 
location of the next microinstruction. Then the Call command increments mPC 20276 and stores the 

so incremented value of mPC 20276 in the RCWS 10358 register associated with the current frame in SRs 
10362 and increnients Current Pointer 27215 and Previous Pointer 27213 to provide a new frame in SRs 
1(^62. The Jam works exactly tike the Call, except that a hardware signal during micromachine cyde Ml 
causes the actions asso ciated with the invocation to occur and provides the location of the invoked 
microroutine directiy to SHTNAS 20286. 

^ WUh Events, Event Logic 20^4 causes an invocation to occur during cyde MO and provides the 

location of the invoked microroutine via CSADR 20299. Since the Event occurs during cyde MO, the location 
stored in RCWS 10358 is the unincrememed value of mPC 20276, and SITTNAS 20286 selects the location 
provided by Event Logic 20284 as the location of the next microinstruction. Since the retum from the Event 
causes the microinstruction during which the Event occurred to be re*executed, the microinstruction and 

eo the microroutine to which it belongs may be said to be "unaware" of the Event's ocoirrence. The only 
difference between the execution of a microinstruction during which an Event occurs and the execution of 
the same microinstruction without the Event is the length of time required for the execution. 
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4, Occurrence of Event Invocations (Fig, 273) 

As described previously. Event invocations are produced by Event Logic 20284. The location in 
microcode to w^lch Event Logic 20^ transfers control is determined by the foliow'ng: 

— The operation being commenced by FU 10120. Certain Event invocations nriay occur only at the 
5 ' beginning of certain FU 10120 operations. 

~ The state of Event signal lines from hardware and internal registers in Event Logic 20284, 

— The state of certain registers visible via MCW1 202^. Some of these registers enable Events and 
others maslc Events. Of the registers which enable Events, some are set by Event signals and others by 
the microprogram. 

70 — On returns from invocations of microroutines, the settings of certain bits tn the RCWS 10358 register 
belonging to the micromachine frame for the invocation that is being returned to. 
Microprograms may use these mechanisms to disable Event signals and to delay an Event invocation 
from an Event sigrial for a single microinstruction or an Indefinite period, and FU 10120 uses them to 
automatically delay Event invocations resulting from certain Event signals. Using traditional programming 
terminology, the mechanisms allow a differential masking of Event signals. An Event signal may be 
explicitly nnasiced for a single microinstruction, it may be maslced for a sequence of microinstructions; it 
may be automatically masked until a certain operation occurs, or it may be automatically masked for a 
certain maximum length of time. Event signals which occur while they are masked are not lost In some 
cases, the Event signal continues until it is serviced; in others, a register is set to retain the fact that the 

20 Event signal occurred. When the Event signal is unmasked, the set register causes the Event signal to 
reoccur. In some cases, finally, the Event signal is not retained, but recurs when the microinstruction which 
caused it is repeated. 

In the foliowlng^ the relationship between FU 10120 operations and Event a'gnals is first presented, and 
then a detailed discussion of the enabling registers in MCW1 20290 and of the bits in RCWS 10358 registers 

^ v^ich control Event invocations. 

FU 10120 allows Event invocatiorw resulting from Evem signals to be inhibited for a ^ngle 
microinstruction; it also delays certain Event invocations for certain Event signals until the first 
microinstruction of an SIN. Other Event signals occur only at the beginning of an SIN, at the t}egfnning of a 
Namespace Revive or Evaluate operation, or at the beginning of a logical memory reference. 

30 Event Invocations may be delayed for a ^ngle microinstruction by setting a field of the 

microinstruction rtself. Setting this field delays atmc^ ail Event invocations, and thereby guarantees that 
an Event invocation vt^lt not occur during the microinstruction's MO cycle. 

Event ^gnals relating to debugging occur at the beginnings of certain micromachine operations. Such 
Event signals are called Trace Event signals. As will t>e explained in detail, in the discussion of the 

3S debugger. Trace Event signals can occur on the first microinstruction of an SIN, at the beginning of an 
Eyaluate or Resolve operation, at the beginning of a logical memory reference, or at the beginning of a 
microinstruction. IPM interrupt signals and Interval Timer Overflow £v^ signals are automatically masked 
until the t>eginning of the next SIN or until a maximum amount of time has elapsed, which ever occurs first. 
The mechanisms involved here are explained in detail in the discussion of interrupt handling in the FU 

40 10120 micromachine. 

Turning now to the registers used to mask and enable Event »gnats, Rg. 273 ts a representation of the 
masking and enabling registers in MCW1 20290 and of the field in RCWS 10358 registers which controls 
Event invocations. Beginning with the registers in MCW1 20230, there are three registers which control 
Event invocations: Event Mask Register {EM) 27301, Events Pending Register {EP) 27309, and Trace Enable 

4S Register (TE) 27319. Bits in EM 27301 ma^ certain Event signals as long as they are set; bits In EP Register 
27309 record the occurrence of certain Event signals while ^ey are masked; when bits in TE Register 2731 9 
are set Trace Event signals occur before certain FU 10120 operations. 

EM 27301 contair^ three one bit fields: Asynchronous Mask Reld 27303, Monitor Mask Field 27305, 
and Trace Event Mask Field 27307. As explained in detail In the discussion of FU 10120 hardware, these bits 

so establish a hierarchy of Event masks. If Asynchronous Mask Reld 27303 is set, only two Event signals are 
masked: that resulting from an overflow of EGGTMR 25412 and that resulting from an overflow of EU 
10122's stack. If Monitor Mask Held 27305 is set, those Events are masked, and additiort^ly, the FU Stack 
Overflow Event signal is masked. As will t>e explained in detail later, v^en the FU 10120 Stack Overflow 
Event signal is masked, the FU micromachine is executing in monitor mode. If Trace Event Mask Field 

ss 27307 is set. Trace Trap Event signals are masked in addition to the above signals. Each of the fields in EM 
27301 may be individually set and deared by the microprogram. 

Four Evem signals set fields in EP 27309: the EGGTMR 25412 Runout signal sets ET Reld 27311, the 
INTTMR 25410 Runout signal sets IT Reld 27313, the Non-Fatal Memory En-or signal sets ME Reld 27315, 
and the Inter-Process Message signal sets IPM Reld 27317. Event invocations for all of these Event signals 

GO but the Egg Timer Runout signal occur at the beginning of an SIN; 'm these cases the fields in EP 27309 
retain the fact that the Evem signal has occurred until that time; the Event invocation for the Egg Timer 
Runout signal occurs as soon after the signal as the settings of mask bits in EM 27^1 allow. The bit in ET 
Field 2731 1 retains the feet of the Egg Timer Runout signal until the masking allows the Event invocation to 
occur. All of the fields in EP 27309 but ME Reld 27315 may be reset by microcode. The microroutines 

65 invoked by the Events must reset the appropriate fields; otherwise, they will be reinvoked when they 
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return. ME Reld 27315 16 automatically reset when the mennory error is serviced, 

TE Register Reld 27319 enables tracing. Each bit in the register enables a kind of Trace Event signal 
when it is set Depending on the land of tracing, the Trace Event signal occurs at the beginning of an SIN, at 
the beginning of a Resoh^e or Evaluate operation, at the beginning of a logical memory reference, or at the 
5 beginning of a microinstruction. R?r details, see the following description of debugging. 

Turning now to the registers contained in RCWS 10358, each BCWS Register 27322 contains eight 
fields which control Event signals. The first field is HA Reld 27323. Reld 27323 reflects the value of a 
register in Event Logic 20284 when the invocation to which RCWS Register 27322 belongs occurs. The 
register in Event Logic 20284 Is set only when the microinstruction currently being executed is the first 
70 microinstruction of an SIN. Thus, FM Held 27323 is set only in RCWS Registers 27322 belonging to Event 
invocations which occur in the MO cyde of the first microinstruction in the SIN, i.e., at the beginning of the 
SIN. The value of the register in Event Logic 20284 is saved in FM Reld 27323 because several Event 
invocations may occur at the beginning of a single SIN. The Event invocations occur in order of priority: 
when the one with the highest priority returns, the fact that FM Reld 27323 is set causes the register In 
15 Event Logic 20284 to again be set to the state which it has on the first microinstruction of an SIN. The 
register's stale, thus set, causes the next Event invocation which must occur at the beginning of the SIN to^ 
take ptaoe« After atl such invocations are finished, the first microinstruction enters its Ml cycle and res^ 
the register In Event Logic 20284. In its reset state, the register inhibits a)l Event invocations which may 
occur only at the beginning of an SIN. It is again set at the beginning of the next SIN. 
20 The remaining fields in RCWS Register 27322 whidi control Event invocations are the fields in Return 

Signals Reld 27331. These fields allow the information that an Event signal has occurred to be retained 
through Eveirt invocations until the Event signal's Event invocation takes place. When an invocation occurs, 
these fields are set by Event Logic 20284. On return from the invocation, the values of the fields are input 
into Event Logic 20^, thereby producing Event signals. The Event signal wrfth the highest priority results 
2S in an Event invocation, and "Oie remaining Event signals set fields in Return Signate Reld 27331 belonging 
to RCWS Roister 27322 belonging to the invocation which is being executed when the Event signals occur. 
Because the fields in Return Signals Ftdd 273^ are input into Event Logic 20284, microcode invoked as a 
consequence of Event signals which sets one of these fields must reset the field itself. Otherwise, the return 
from the microcode will simply result in a reinvocation of the microcode- 
s' The seven fields in Return Signals Reld 27330 have the following significance: 

— When EG Reld 27333 is ^ an EU 10122 dispatch operation produced an Illegal location In EU 10122 
microcode EUSfTT 20344. 

— When NT Reld 27335, ST Rdd 27341, mT R^d 27343, or mB Reld 27345 is set, a trace signal has 
occurred. These are explained in detail in the discussion of d^mgging. 

35 — When ES Reld 27337 is set, an EU 10122 Storebadc Exception has occurred, i.e., an error occurred 
when EU 10122 attempted to store the result of an operation in MEM 10112. 

— When MRR Reld 27339 is set, a condition such as an ATU 1(C28 miss or a Protection Cache 1 0234 miss 
has occurred, and it is nec^sary to reattempt a memory reference. 

40 

d. Virtual Micromat^incs and the Monitor Micromachine 

As previously described, microcode being executed on RJ 101 20*$ micromachine can run In either 
monitor mode or srirtual mode. In this portion of tiie dtscus»*on, the distinguishing features end 
applications of the two modes are explained in detail. 



1. Virtual Mode 

As previously nrtentioned, the chief distinction between virtual mode and monitor mode is MIS 10368. 
The fact that MIS 10368 is of essentially unlimited size has the following consequences for microroutines 
so which execute In virtual mode. 

— An im^ocation of a microroutine executing in virtual mode may have as its consequence further 
invocations to any depth. 

— Any invocation of or return from a microroutine executing in virtual mode may cause a page fault 
The FU micromachine is in virtual nriode when all bits in the Event Masks portion of MCW1 20290 are 

S5 cleared. In this state, no enabled Event signals are masked, and Event invocations may occur in any 
microinstruction which does not itself mask them. 

Because invocations may occur to any depth in virtual mode, microroutines executing in this mode 
may be recursn^e. Such recursive microroutines are especially useful for the interpretation of Names. 
Often, as previously d^cribed, the Name Table Entry for a Name vAW contain Nantes vvhich resolve to other 
Names, and the virtual micromachine's limitiess stack allows the use of recursive Name Resolution 
microroutines in such situatior^. Recursive microroutines may also be used for complex SlNs, such as 
Calls. 

Because invocations can occur to any depth, any number of Events may occur while a microroutine is 
executing in monitor mode. This in turn greatly simplifies Event handling. If an Event signal X)ccurs while an 
Event with a given priority is being handled and the Event being signalled has a higher priority than the one 
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being handled, the resuft is simply the invocation of the new Event's handler. Thus, tiie order in which the 
Event handlers finish corresponds exactly to the priorities of their Events: those writh the highest finish first. 

A page fault may occur on any microtnvocation or return executed in vtrbial mode because an 
invocation in virtual mode which occurs when there are no more Free Frames 27207 on SIfe 10362 causes 
an Event signal virtiich invokes a microroutrne running in monitor mode. The microroutine transfers MtS 
Frames 27203 from GRF 10354 to Secure Stacic 10336 in MEM 10112, and the transfer may cause a page 
fault. Similariy, when a microretum takes place from the last frame on MIS Frames 27203 on SRs 10362, an 
Event signal occurs which invokes a microroutine that transfers additional frames from Secure Stack 10336 
to GRF 10354, and this transfer, too, may cause a page fault. 

The fact that page faults may occur on microin vocations or microretums in virtual mode has two 
important consequences: microroutines v/hich canrrat tolerate page faults other than those explicitly 
generated by the microroutine itself cannot execute in virtual mode, and because unexpected page faults 
cause execution to become indeterminate, microroutines which must run to completion cannot execute in 
virtual mode. For example, If the microroutine which handles page faults executed in virtual mode, its 
invocation could cause a page faults \n^ich would cause the microroutine to be invoked again, which would 
cause another page fault, and so on through an infinite series of recursions. 

2. Monitor Mlcromachme 

As previously described, the essen^t feature of monitor mode is MOS 10370. In 8 present 
embodiment of CS 10110, this stack has a fixed minimum size, and Is always contained in GRF Registers 
10354. The nature of MOS 10370 has four consepuences for microroutines which execute in monitor mode: 

— When the micromachine is In monitor mocie, the depth of invocations fe limited; recursive 
microroutines ttwefore cannot be executed in monitor mode, and Event invocations must be limited. 

— Invocations of microroutines or returns from microroutines in monitor mode never result in page 
faults. 

— Microroutines executing in monitor mode are guaranteed to run to completion if they do rKi^t suspend 
the Process 610 which they are executing or perform a Call to software. 

— When the micronrtachine is executing in monitor mode, it is guaranteed to return to virtual mode within 
a reasonable period of time, either because a microroutine executing in monitor mode has run to 
completion, or because the microroutirw has susp^ided the Process 610 which it is executing, or has 
made a Call to software. The result in both c^es is the execution of a new sequence of SOPSr and thus 
a return to virtual ntode. 

In a present embodiment of CS 101 10, the FU micromachine ts In monitor mode when a combination of 
masking brts in MCW1 20290 is set which results in the masking of the FU Stack Overflow Event and the Egg 
Timer Overflow Event. As previously described, these Events are masked H Fields 27303, 27^, or 27307 is 
set. These Events and the consequences of masking them are explained in detail below. 

The event signal for the FU Stack Overflow Event occurs on microinvocations for which there is no 
frame available in MIS Frames 27203. If the Event signal is not masked, ft causes the irrvocation of a 
microroutine which moves MIS Frames from MIS Frames 27203 onto a Process 610's Secure Stack 10336. 
When the FU Stack Overflow Event is masked, all frames In SRs 10^ of GRs 10360 are available for 
microroutine invocations and microroutine Invocations will not result in page faults, but if the capacity of 
SRs 10362 is exceeded, FU 10120 ceases operation. 

The Egg Timer Overflow event signal occurs when Egg TMR 25412 mns out As v«ll be explained in 
detail later. Egg TMR 25412 ensures that an Interval Timer Runout^ an Inter-processor Message, or a Non- 
fatal Memory Error will be serviced by JP 10114 within a reasonable amount of time. If an Interval Timer 
Runout Event signal or an Inter-processor Message Event signal occurs at a time wh^ it is Inefficient for 
the FU micromachine to handle the Event Egg TMR 25412 begins running. When Egg TMR ^1 2 runs out 
the Event is handled unless the micromachine is in monitor mode. If the Egg TMR 25412 Runout Event 
signal occurs while the FU micromachine is in nrK>nitor mode, i.e.« whHe the Event is masked, the Event 
sigruil sets Held 27311 in MCW1 20290. When tfie FU micromachine reverts to virtual mode, i.e., vihen all 
Event Mask bits in MCW1 20290 are cleared, the Egg TMR 25412 Runout Event occurs, and the interval 
Timer Runout Inter-processor Message Event handlers are invoked by Event Logic 20284. 



e. Interrupt and Fault Handling 
1. General Principles 

Any computer system must be able to deal with occurrences which disrupt the norma! execution of a 
program. Such occurrences are generally divided into two classes: faults and Intenupts. A feuh occurs as a 
consequence of an attempt to execute a machine instruction, and its occurrence ts therefore synchmnous 
with the machine instructioa Typical faults are floating point overflow faults and page faults. A floating 
point overflow fault occurs v/hen a machine instruction attempts to perform a floating point arithnr^tic 
operation and the result exceeds the capacity of the CS 101 10's floating point hardware, that is EU 10122. A 
page fault occurs when a machine instruction in a computer system with virtual memory attempts to 
reference data which is not presentiy available in the computer system's primary memory, that is MEM 
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10112- Since faults are synchronous with the execution of machine instructions and in many cases the 
result of the execution of specific machine Instructions, their occurrence is to some extent predictable. 

The occurrence of an interrupt is not predictable. An interrupt occurs as a consequence of some action 
taken by the computer system which has no direct connection with the execution of a machine instruction 
by the computer system. For example, an I/O interrupt occurs when data transmitted by an 1/0 device (lOS 
10116) reaches the central processing unit {RJ 10120), regardless of the machine instruction the central 
processing unit is currently executing. 

In conventional systems, interrupts and faults have been handled as follows: if an interrupt or fault 
occurs, the computer system recognizes the occurrence before it ex^^tes the next machine instruction and 
executes an interrupt-handling microroutine or Procedure ^2 instead of the next machine instruction, if 
the interrupt or fault cannot be handled by the Process 61 0 in which it occurs, the interrupt or fault results in 
a process swap. When the interrupt handling routine is finished. Process 610 which faulted or was 
Interrupted can be returned to the CPU if it was removed and the next machine instruction executed. 

While the above method works weil with faults, the fact that interrupts are asynchronous causes 
several problems: 

— Machine irratructions cannot require an indefinite amount of time to execute, since interrupts cannot be 
handled until the machine instruction during whidi they occur Is finished. 

— It must be possible to remove a Process 610 from the CPU at any time, since the occurrence of an 
interrupt is not predictable. This requirement greatly increases the difficulty of process management 

The method used for interrupt and fault handling in a present embodiment of CS 10110 is described 
beiow. 

2. Hardware Interrupt and Fault Handling in CS 10110 
in CS 10110, there are two levels of interrupts: those which may created and dealt wth completely by 

software, ar»d those which may created by hardware signals. The former dass of interrupts is dealt with in 
the discussion of PrtKsesses 610; the latter, termed hardware interrupts, is discussed below. 

In CS 10110, hardware interrupts and faulte begin as invocations of microroutines in FU 10120. The 
invocations may be the result of Event signals or may be made by microprograms. For example, when lOS 
10116 places data in MEM 10112 for JP 10114, an Inter-processor Message Event signal results, and the 
signal causes the invocation of lnter*processor Message Interrupt handler microcode. On the other hand, a 
Page Fault begins as an invocation of Page Fault microcode by LAT microcode. The actions taken by the 
microcode whic^ begins handling the fault or interrupt depend on whether the fault or interrupt is handled 
by the Process 610 which was beir^ executed when the fault or Event occurred or by a special KQS Process 
610. 

In the first case, the Event micro<x>de may perform a Microcode-t{>*Sdftware Call to a high-level 
language procedure whicii handles the Event. An example of an Event handled in this fa^ion is a floating 
point overflow: when FU 10120 microcode determines that a floating point overflow has occurred, it 
invokes microcode which may invoke a floating point overflow procedure provided by the high-level 
language whose S-Language was being executed when the overflow occurred. In alternate embodiments 
of CS 10110, the overflow procedure may also be in micnjcode- 

In the second case, the microcode handling the fault or interrupt pute information in tables used by a 
KQS Process 61 0 which handles the fault or interrupt and then causes the KOS Process 610 to run at sonrae 
later time by advancing an Event Counter awaited by the Process 610. Event Counters and the operations 
on them are explained in detail in a following description of Processes 610. Since the tables and Event 
Counters manipulated by microcode are ahways present in MEM 1011 2, these operations do not cause page 
faults, and can be performed in monitor mode. For example, when IDS 101 16 transmits an IPM Event signal 
to JP 10114 after lOS 10116 has loaded data into MEM 10112, the Event resulting from the Event signal 
invokes microcode which examines a queue containing messages from lOS 10116. The messages in the 
queue contain Event Counter locations, and the microcode which examines the queue advances those 
^ Event counters, thereljy causing Processes 610 which were waiting for tiie data retumed by the VO 
operation to recommence execution. 

3. The Monitor Mode, Differential Masking and Hardware Interrupt Handling 

FU 10120 micromachine's nrwnitor mode and differential masking facilities allow a method of 
ss hardware interrupt handling vsrfiich overcomes two problems associated with conventional hardware 
interrupt handling : an interrupt can be handled in a predictable amount of time regardless of the amount of 
time required to execute an SIN, and if the microcode whit^ handles the interrupt executes in monitor 
mode, the interrupt may be handled at any time without unpredictable consequence. Ther^ are two 
sources of hardware intenupts in CS 10110: an Inter-Processor Message (IPM) and an Interval Timer 25410 
CO Runout An IPM occurs when lOS 10116 completes an I/O task for JP 10114 and signals completion of tiie 
task via lOJP Bus 10132. An Interval Timer Runout occurs when a preset time at which CS 101 10 must take 
some action is reached. For example, a given Process 610 may have a limit placed on the amount of time it 
may execute on JP 101 14. As is explained in a following description of process synchronization, the virtual 
processor management system sets Interval Timer 25412 to run out when Process 610 has used all of the 
$s time available to it 
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Both IPMs and Interval Timer Runouts begin as Event signals. The imnr^ediate effect of the Event signal 
is to set a bit in EP Field 27309 of MCWl. In prindple, the set bit can cause invocation of the event 
microcode for the Event on the next MO cycle in which the FU 10120 micromschine is in virtual mode. Since 
microroutines running in monitor mode are guaranteed to return the mlcromachine to virtual mode within 
a reasonable length of time, and the Event invocation will occur when this happens, the Event is 
guaranteed to be serviced in a reasonable period of time. The microroutines invoked by the Events 
themsehres execute in monitor mode, thereby guaranteeing that no page faults will occur while they are 
executing and that Process 610 which is executing on JP 10114 v^en the hardware interrupt occurs need 
not be removed from JP 10114. 

While hardware intenupts are serviced in principle as described above, considerations of efficiency 
require that as many hardware interrupts as possible k>e serviced when the size of the FU micromachine's 
stack is at a minimum, i.e,, at the beginning of an SIN's execution. This requirement is achieved by means 
of Egg TMR 25412 and ET Rag 27311 in MCW1 20290. As described above, when an IPM interrupt or an 
Interval Timer 25410 Runout interrupt occurs, Reld 27317 or 27313 respectively is set in MCW1 20290. At 
the same time, Egg TMR 25412 begins running. If the current SIN's execution ends before Egg TMR 25412 
runs out the set Field in MCW1 20290 causes the Interval Timer Runout or lnter*processor Message Event 
invocations to occur on the first microinstruction for the next SIN. If, on the other hand, the current SIN's 
execution does not end before Egg TMR 25412 runs out, the Egg Timer Runout causes an Event signal. The 
immediate result of this signal is the setting of ET bit 2731 1 in MCW1 20290, and the setting of ET bit 2731 1 
in tum causes the Interval Timer Runout Event invocation and/or IPM Evem invocation to take place on the 
next MO cyde to occur while the micromachine is in virtual mode. The above mechanism thus guarantees 
that most hardware interrupts will be handled at the t>eginning of an SIN, but that hardware interrupts will 
always be handled within a certain amount of time regardless of the length of time required to execute an 
SIN. 

g. FU Micromachine arui CS 101 10 Subsystems 

The subsystems of CS 10110, such as the object subsystem, the process subsystem, the S-lnterpreter 
subsystem, and the Name interpreter subsystem, are implemented all or In part in the micronr^chine. The 
description of tiie micromachine therefore clo^ with an overview of the relationship between these 
subsystems and the micromachine. Detailed descriptions of the operation of the subsystems have been 
presented previously. 

The subsystems fall into three main groups: KOS subsystems, the Name Interpreter subsystem, and 
the S-tnterpreter subsystem. The relationship between the three is to some extent hierarchical: the KOS 
subsystems provide the environnr^t required by the Name interpreter subsystem, an6 ttie Name 
Interpreter subsystem provides the environment required by the S-lnterpreter subsystem. For example, the 
S-lmerpreter subsystem interprets SINs consisting of SOPs and Names; the Name interpreter subsystem 
translates Names Into logical descriptors, using values called ABPs to catojtate the locations contained in 
the logical descriptors. The KOS subsystems calculate the values of the ABPs, translate Logical Descriptors 
271 16 into physical MEM 1011 2 addresses, and check whether a Process 610 has access to an object which 
it is referencing. 

In a present embodiment of CS 10110, the Name Interpreter subs^em and the S-lnterpreter 
subsystem are implememed completely in the micromachine; in other embodimente, they could be 
implemented in high-level languages or in hardware. The KOS subsystents are implemented in both the 
micromachine and in high-level lar^uage routines. In altemate embodiments of CS 10110, KOS 
subsystems may be embodied entirely in microcode, or in high-level language routines. Some high-level 
language routines may execute in any Process 610, while others are executed only by special KOS 
Processes 610. The KOS subsystems also diffier from the others in the manner in which the user has access: 
with the S*tnterpreter subsystem and the Name Interpreter subsystem, the sut>systems come into play only 
when SINs are executed: the subsystems are not directly visible to users of the system. Portions of the KOS 
subsystems, on the other hand, may be explidtiy invoked in high-level language programs. For example, 
an invocation in a high-level language program may cause KOS to bind a Process 61 0 to a Virtual Processor 
61 Z 

The following will first list the functions performed by the subsystems, and then relate the subsystems 
to the monitor and virtual micromachine modes and specific micromachine devices. KOS subsystems 
perform the following functions: 

— Virtual memory management; 

— Virtual processor managemem; 

— Inter-processor communication; 

— Access Control; 

— Object management; and, 

— Process management 

The Name Interpreter performs the following functions: 

— Fetching and parsing SOPs, and 

— Interpreting Names. 

The S-lnterpreter, finally, dispatches SOPs, i.e., locates the FU 10120 and EU 10122 microcode which 
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executes the operation corresponding to a given SOP for a given S-Language. 

Of these subsystems, the S-lnterpreter, the Name Interpreter, and the microcode components of the 
KOS process and object manager subsystems execute on the virtual micromachine; the microcode 
components of the remaining KOS subsystems execute on the monitor micromachine. As will be seen in 
^ the discussions of these subsystems, subsystems which execute on the virtual micromachine may cause 
Page Faults, and may therefore reference data located anywl^re in memory; subs^ems which execute on 
the monitor micromachine may not cause Page Faults, and the data bases which these subsystems 
n^aniputate must therefore always be present at known locations In MEM 10112. 

The relationship between subsystems and FU 10120 micromachine devices is the following: 
Microcode for all subsystems uses DESP 20210, Microcode Addressing 27013, and Register Addressing . 
27011, and may use EU Interface 27007. S-lnterpreter microcode uses SOP Decoder 27003, and Name 
Interpreter Microcode uses Instruction Stream Reader 27001, Parsing Unit 27005, and Name Translation 
Unit 27015. KOS virtual memory management microcode uses Memory Reference Unit 27017, and 
Protection Microcode uses Protection Unit 27019. 

Having described in detail the structure and operation of CS 101 10's major subsystems, MEM 10112, 
FU 1 01 20. EU 10122, lOS 10116, and DP 101 18, and the CS 101 10 micromachine, CS 101 10 operation will be 
described in further detail next below. First operation of CS 101 1 0's Namespace, S-interpreter, and Pointer 
Systems will be described. Then, operation of CS 1 01 1 0 will be described in further detail with respect to CS 
101 10's Kernel Operating System. 

20 

3. Namespace, S-lnterpreters, and Pointers {Figs. 301—307, 274) 

The prececfing chapters have presented an overview of CS 101 10, examined its hardware in detail, and 

explained how the FU 10120 hardware functions as a micromachine which controls the activities of other 

CS 10110 components. In the remaining portions of the specification, the means are presented by whi<^ 
2S certain Icey features of CS 10110 are implemented using the hardware, the micromachine, tables In 

memory, and high*tevel language programs. The present chapter presents three of these features: ^e 

Pointer Resolution System, Namespace, ami the S-interpreters. 

The Pointer Resolution Systm translates pointers, i.e., data items which contain location information, 

into UID-offset addresses. Namespace has three main functions: 
^ — It locates SINs and fetches them from CS 10110's nwmory into FU 10120. 

— It parses SINs into SOPs and Names. 

— It translates Names into Logical Descriptors 27116 or values. 

The S-interpneters decode S-operations received from namespace into locations in microcode contain^ in 
FUSnr 11012 and EUSITT 20344 and then execute that microcode. If the S-operations require operands, 
•35 the S-interpreters use Namespace to translate the operands into Logical Descriptors 27116 or values as 
required by the operations. 

Since Namespace depends on the Pointer Resolution System and the S-interpreters depend on 
Namespace, the discussion of the systems begins with pointers and then deals with namespace and S- 
interpreters. 

40 

A. Pointers and Pointer Resolution (Rgs. 30% 302} 

A pointer is a data item which represents an address, i.e., in CS 10110, a UID-offset address. CS 10110 
has two large classes of pointers: resolved pointers and unresolved pointers. Resoh/ed pointers are 
pointers whose values may be immediately interpreted as UID-offset addresses; unresoh^ed pointers are 
45 pointers whose values must be interpreted by high level language routines or microcode routines to yield 
UID-offset addresses. The act of interpreting an unresolved pointer is catl^ resolving it Since the manner 
In which an unresolved pointer is resolved may be determined by a high-level language routine written by 
a system user, unresoh^ed pointers provide a means by whidi users of the system may define their own 
pointer types. 

so Both resolved and unresolved pointers have subclasses. The subclasses of resoh^ed pointers are UID 
pointers and object relative pointers. UID pointers contain a UID and offset, and can thus represent any CS 
101 1 0 address; object-relative pointers contain only an offset; the address's UID is assumed to be the same 
as that of the object containing the object-relative pointer. An object-ret attve pointer can therefore only 
represent addresses in the object which contains the pointer. 

55 The subclasses of unresolved pointers are ordinary unresolved pointers and associative pointers. The 
difference between the two kinds of unresolved pointers is the manner in which they are resolved. Ordinary 
unresolved pointers are always resolved by high-level language routines, while associative pointers are 
resoh^ed the first time they are u^d in a Process 610 and a domain by high-level language routines, but are 
subsequently resolved by means of a table called the Associated Address Table (AAT). This table is 

60 accessible to microcode, and associative pointers may therefore be more quickly resolved than ordinary 
unresoWed pointers. 

The following discussion will first explain the formats used by ail CS 10110 pointers, and will then 
explain how pointers are processed in FU 10120. 
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a. Pointer Formats {Fig, 301) 

Figure 301 represents a CS 101 10 pointer. The figure has two parts: a representation of General Pointer 
Format 30101, which gives an overvriew of the fields whidi appear in all CS 10110 pointers, and a detailed 
presentation of Rags and Format Field 30105, whidi contains the information by which the icinds of CS 
10110 pointers are distinguished. 

Turning first to General Pointer Format 30101, al! CS 10110 pointers contain 128 bits and are divided 
into three main fields; 

— Offset Reld 30103 contains the offset portion of a UlO-offset address in resolved pointers and in 
associative pointers; in other unresolved pointers, it may contain an offset from some point in an 
object or other information as defined by the user. 

— Flags and Ft)rmat Retd 301 C€ contains flags and format codes which distinguish between lands of 
pointers. These flags and format codes are explained in detail below. 

— UID field 30115 contains a UID in UIO pointers and in some associative pointers; in objectrelative 
pointers, and other associative pointers, its meaning is undefined, and in ordinary unresoh/ed pointers, 

• H may contain information as defined by the user. 
Rags and Format Field 30105 contains four subfieids: 

— Fields 30107 and 301 1 1 are reserved and miet be set to 0. 

— NR Reld 30109 indicates whether a pointer is resolved or unresolved. In resolved pointers, the field is 
set to 0, and in unresolved pointers, (t Is set to 1. 

20 — Format Code Field 13 indicates the land of resolved or unresolved pointers. Format codes for the 
present embodiment are explained t>etow. 

The values of Format Code Reld 30113 may range from 0 to 31. If Fomrwt Code Reld 30113 has the 
value 0, the pointer is a null pointer, i.e., a pointer which nerttier directly nor indirectly indicates an address. 
The meanings of the other format codes depend on the value of NR Reld 30109: 

2S ' 

NR Reld Value Format Code Value Meaning 
0 1 UID pointer 

30 0 2 Ob}ect-reIative pointer 
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0 all other codes 

1 1 UID associative pointer 

1 2 Object-retattve 

associative pointer 

1 all other codes Ordinary unresoh/ed 

^ pointer 

As indicated by the above table, the present embodiment has two kinds of assodative painter, UID 
assodative pointers and object-relathre assodative pointers. Uke a UID pointer, a UtD assodative pointer 
contains a UID and an of^et, and like an object-relath^ pmnter, an object-relative associative pointer 
45 contains an offiset and takes the value of the UID from the object to which it belongs. Hovkwer, as will be 
explained in detail later, the UID and offset which the assodative pointers contain or represent are not used 
as addresses. Instead, the UID and offset are used as tags to locate entries in the AAT, which assodetes an 
assodative pointer with a resolved pointer. 

50 b. Pointers in FU 10120 (Rg. 302) 

When a pointer is used as an address in FU 10120, the address information in the pointer must be 
translated into a Logical Descriptor 27116 consisting of an AON, an offset, and a length field of 0; when a 
Logical Descnptor 27116 in Ri 10120 is used to form a pointer value In memory, the AON must be 
converted back to a UID. The first conver^on is termed pointer-to-descriptor conversion, and the second 

55 descriptor-to-pointer conversion. Both conversions are accomplished by microcodes executing in FU 
10120. 

What is Involved In the translation depends on the kind of pointer: If the pointer is a UID pointer, the 
UID must be translated into an AON; if the pointer is an object-relative pointer, tfie AON required to fetch 
the pointer is the pointer's AON, so no translation is necessary. If the pointer is an unresolved pointer, it 
60 must first be translated Into a resolved pointer and then into a Logical Descnptor 27116. If the pointer is 
associative, the translation to a resolved pointer may be performed by means of the ATT. 

In the present embodiment when other FU 101 20 microcode calls poimer-to-descriptor microcode, the 
calling microcode passes Logical Descriptor 271 16 for the location of the pointer which is to be translated 
as an argument to the pointer^to-description translation microcode. The pointer-to-descriptor microcode 
6B returrts a Logical Descriptor 27116 produced from the value of the pointer at the location spedfled k>y 
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Logical Descriptor 27116 which the pointer-to-descriplor microcode received as an argument. 

The pointer-to-descriptor microcode first uses Logical Descriptor 27116 given it as an argument to 
fetch the value of the pointer's Offset Field 30103 from memory. It then saves Logical Descriptor 27116*5 
offset in the output register belonging to OFFALU 20242 and places the value of the pointer's Offset Field 
* 30103 in the offset field of Logical Descriptor 27116 which it received as an argument The pointer-to- 
descriptor mio'ocode then saves Logical Descriptor 27116 indicating the pointer's location by storing 
Logical Descriptor 27116's AON and offset (obtained from OFFALU 20242) In a register In the GRF 10354 
frame t>eing used by the invocation of the pointer-to-descriptor microcode. Next, the microcode adds 40 to 
the offset stored in OFFALU 20242, thereby obtaining the address of NR Field 30109, and uses the address 
to fetch and read NR Field 30109 and Format Code Fi^d 30113. The course of further processing is 
determined by the values of these fields. If NR Field 30109 indicates a resoh^ed pointer, there are four cases, 
as determined by the value of Format Code Field 30113: 

— Format code field = 0: The pointer is a null pointer. 

— Format code field = 1: The pointer is a DID pointer. 

IS — , Format code field - 2: TbB pointer is an intra-object pointer. 

— Any other value of the format code field: The pointer is Invalid. 

In the first case, the microcode sets all fields of the argument to 0; in the second, rt fetches the value of 
UID Reld 301 15 from memory and invoices LAR microcode (explained in ^e discussion of objects], which 
translates the UID to the AON assodated with it. The AON is then loaded into the argument's AON field. In 
2V the third case, the AON of Logical Descriptor 271 1 6 for the pointer's location and the polmer's AON are the 
same, so the argument already contains the translated pointer. In the fourth case, the microcode performs 
a call to a pointer fault-handling Procedure 602 which handles invalid pointer faults, passing saved Logical 
Descnptor 27116 for the pointer as an argument Procedure 602 which handles the fault must return a 
resolved pointer to the microcode, which then converts it to a Logical Descriptor 2711 6 as described above. 



c. Descriptor to Pointer Conversion 

Descriptor to pointer conversion is the reverse of pointer to descriptor conversion with resolved 
pointers. The operation must be performed whenever a resolved pointer ts moved from an FU 10120 

30 register into MEM 10112. The operation takes two arguments: a Logical Descriptor 2711B which specifies 
the address to which the pointer is to be written, and a Logical Descriptor 27116 whose AON and offset 
fields spectfiT the location contained in the poimer. There are two cases: intra-object pointers and UID 
pointers. Both kinds of pointers have values in Olfeet Field 30103, so the descriptor-to-pointer microcode 
first writes the second argument's offset to location specified by the first argument's Logical Descriptor 

3S 27116. The next step is to determine whether the pointer is an intra-object pointer or a UID pointer. To do 
so, the microcode compares the arguments' AONs. If they are the same, the pointer points to a location in 
the object which contains It and is therefore an intra-object pointer. Since UID Field 301 15 of an Intra-object 
pointer is meaningless, the only step remaining for imra-object pointers is to set Flags and Format Field 
30105 to the binary representation of 2, which sets all bits but bit 46 to 0, and thereby Iden^es the pointer 

40 as a resolved intra-object pointer. 

Whh UID pointers, the descriptor-to-pointer microcode sets Flags and Fonmat Field 30105 to 1, thereby 
id^ffying the pointer as a resohred UID poimer, and calls a KOS LAR microroutine (explained in detail in 
the discussion of objects) whidi converts the first argument's AON to a UID and places the result UID in the 
current frame. When the KOS AON to UID conversion microroutine returns, the descriptor-to-pointer 

45 microcode writes the UID to the converted pointer's UID Field 30115. 

B. Namespace and the S-!nterpreters {Figs. 303—307) 

Namespace and the S-lnterpneter both interpret information contained in Procedure Objects 608. 
Consequently, the discussion of these components of CS 101 10 begins with an overview of those parts of 
50 Procedure Object 606 relevant to Namespace and the S-lnterpreteis, and then explains Namespace and the 
S-lnterpreters in detail. 

a. Procedure Object 606 Overview <Rg, 303) 

Rgure 303 represents those portions of Procedure Object 60S. Fig. 303 expands information contained 

55 in Fig. 103; Relds which appear in both Figures have the number of Rg. 103. Portions of Procedure Object 
608 which are not discussed here are dealt with later in the discussion of Calls and Returns. The most 
important part of a Procedure Object 608 for these systems Is Procedure Environment Descriptor (FED) 
30303. A Procedure 602's PED 30303 contains the information required by Namespace and the S-interpreter 
to locate and parse Procedure 602's code and interpret its Names. A number of Procedures 602 in a 

60 Procedure Object 608 may share a PED 30303. As will be seen in the di^ussion of Calls, the fact that a 
Procedure 602 shares a PED 30303 with the Procedure 602 that Invokes It affects the manner in which the 
Call is executed. 

The fields of PED 30303 which are important to the present discusaon are three fields in Header ^04: 
K Reid 303CK, LN Reld 30307, and SIP Reld 30309, and three of the remaining fields: NTP Reid 3031 1, SDPP 
65 Reld 30313, and PBP Field 30315. 
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— K Field 30305 indicates whether the Names in the SiNs of Procedures 602 which share PED 30303 have 
8, 12, or 16 bits. 

— LN Field ^X307 contains the Name which has the largest index of any in Procedure 602's Name Table 
10350. 

5 _ SIP Reld 30309 is a UID pointer to the object which contains the S-intcrpreter for Procedure 602's S- 

Langu39e. 

— NTP Reld 3031 1 is an object-relative pointer to the beginning of Procedure 502's Name Table 10350. 

— SDPP Reld 30313 is a pointer which is resolved to ihe location of static data used by Procedures 602 to 
whidi PED 30303 belongs when one of Procedures 602 is invoked by a given Process 610. The resolved 
pointer corresponding to SDPP 30313 is the SDP ABP. 

— PBP Field 30315 contains the PBP ABP for invocations of Procedures 602 to which PED 30303 belongs. 
The PK» ABP is used to calculate locations inside Procedure Object 608. 

Other areas of interest in Procedure Object 608 are Uterals 30301 and Static Data Prototype (SDPR) 
30317. Literals 30301 contains literal values, i.e., values in Procedure 602 which are known at compile time 
and will not change during program execution. SDPR 30317 may contain any of the following: pointers to 
extemai routines and to static data comained In other objects, information required to create static data for 
a Procedure 602, and in some cases, the static data itself. Pointers in SDPR 30317 may be either resolved or 
non-resolved. 

In the present embodiment. Binder Area 30323 Is also Important Binder Area 30323 contams 
^0 information which allows unresolved pointers contained in Procedure Object 608 to be resolved. 
Unresolved pointers other than SDPP 30313 in Procedure Object 608 all contain locations in Binder Area 
30323, and the specified location contains the information required to resoh^e the pointer. 

Fig, 303 contains arrows showing the locations in Procedure Object 608 pointed to by NTP Reld 3031 1, 
SDPP Reld 30313, and PBP Reld 30315. NTP Rdd 3031 1 points to the beginning of Name Tables 10350, and 
25 thus a Name's Name Table Entry can be located by adding the Name's value to NTF Reld 3031 1. PBP Reld 
30315 points to the beginning of Literals 30301, and consequently, the locations of Uterals and the 
. locations of SINs may be expressed as offsets from the value of PBP R^d 30315. SDPP Reld 30313 points to 
the beginning of SDPR 30317, As vwll be explained m detail in the discussion of Calls, when a procedure 602 
has static data, the SDP ABP is derived from SDPP ReW 30313. 

30 

Ix Namespace 

The Namespace component of CS 101 10 locates SINs belonging to a procedure end fetches them from 
memory to RJ 10120, parses SINs into SOPs and Names, and performs Resolve and Evaluation operations 
on Names. The Resolve operation translates a Name into a Logical Descriptor 27116 for the data 
35 represented by the Name, while the Evaluation operation obtains the data itself. The Evaluation operation 
does so by jwrforming a Resolve operation and then using the resulting Logical Descriptor 271 1 6 to fetch 
the data. Since the Evaluation and Resohre operations are the most complicated, the discussion begins with 
them, 

40 1. Name Resolution and Evaluation 

Name Resolution and Evaluation translate Nanr»es into Logical Descriptors 27116 by means of 
irrformation contained in the Names' NTEs, and the NTEs define locations in terms of Architectural Base 
Registers. Consequently, the following discussion will first describe Name Table Entries and Architectural 
Base Pointers and tiien the means by which Namespace translates the information contained in the Name 

^ Table Entries and Archltecmiral Base Pointers into Logical Desoiptors 27116. 

2. The Name Table (Rg. 304) 

As previously mentioned. Name Tables 10350 are contained in Procedure Greets 608. Name Tables 
10350 contain the information required to translate Names into Logical Descriptors 271 16 for the operands 
60 represented by the Nam^. Eadti Name has as its value the number of a Name Table Entry. A Name's Name 
Table Entry is located fay multiplying the Name's value by the size of a short Name Table Entry and adding 
the product to the value in NTP Reld 30311 of PED 30303 belonging to Procedure 602 which contains the 
SIN. 

The Name TaWe Entry contains length and type information for the data item specified by the Name, 

6 and represents the data item's location as a displacement from a known location, termed the base. The 
base may be a location specified by an ABP, a location specified by another Name, or a location specified 
by a pointer. In the latter case, the pointer's location may be ^ecitied in terms of an ABP or as a Name. 

Rg. 304 is a detailed representation of a Name Table Emry (NTE) 30401. There are two kinds of NTEs 
30401: Short NTHs 30403 and Long NTEs 30405. Short NTEs 30403 contain 64 bits; Long NTEs 30405 
€0 contain 1 28 bits. Names that represem scaler data items whose displacements may be expressed i n 16 bits 
have Short NTEs 30403; Names that represent scaler data items whose displacements require more than 
16 bits and Names that represent array elennents have Long NTEs 30405, 

A Short NTE 30403 has four main fields, each 16 bits in length: 
— Flags and Fonnat Reld 30407 contains flags and format information which specify how Namespace is 
fi5 to interpret NTE 30401. 
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— Base Reld 30425 indicates the base to which the displacement is to be added to obtain the location of 
the data represented by the Name, Base Field 30425 may represent the location in four ways: by means 
of an ABP by means of a Name, by means of a pointer located by means of an ABP, and by means of a 
pointer located by means of a Name, 

— Length Reld 30435 represents the length of the data. The length may be a literal value or a Name. If it is 
a Name, the Name resolves to a location which contains the data item's length. 

— Displacement Field 30437 contains the displacement of the beginning of the data from the base 
specified In Reld 30425. The displacement Is a signed integer value. 

Long NTEs 30405 have four additional fields, each 16 bits long: Two of the fields. Index Name Reld 
30441 and lES Reld 30445 are used only in NTEs 30401 for Names that represent arrays. 

— Displacement Extension Reld 30439 is used in all Long NTEs 30405. If the displacement value in Reld 
30437 has less than 16 bits. Displacement Extension Reld 30439 contains sign bits, i.e., the bits in the 
field are set to 0 when the displacement is positive and 1 when the displacement is negative. When ^e 
displacement value has more than 16 bits. Displacement Extension Field 30439 contains the most 
significant bits cf the displacement value as well as sign bits. 

— Index Name Reld 30441 contains a Name that represents a value used to index an el ement of an array. 

— Reld 30443 is reserved. 

lES Reld 30445 contains a Name or Literal that specifies the size of an element in an array. The value 
represented by this feld is used together with the value represented by IrKlex Name Reld 30A4^ to locate 
an element of an array. 

As may be seen from the above, the following fields may contain names: Base Reld 30425, Length 
Held 30435, Index Name Field ^441, and lES Reld 30445. 

Two fields in NTE 30401 require further consideration: Rags and Format Held 30407 and Base Reld 
30425. Rags and Format Reld 30407 has three subfi^ds: Rags Reld 30408, FM Reld 30421, and Type Reld 
30423. Turning first to Rags Field 304(», the sbc fl^s in the field indicate how Namespace is to interpret 
NTE 30401. The flags have the following minings when they are set: 

— Long NTE Hag 30409: NTE 30401 is a Long NTE 30405. 

— Length a Name Bag 30411 : Length Reld 30435 contains a Name. 

— Base is a Name Flag 30413: Base Reld 304^ contains a Name instead of the number of an ABP. 

— Base Indirect Flag 30415: Base Reld 30425 represents a pointer, and the location represented by NTE 
30401 is to be calculated by obtaining the pointer's value and adding the vahie contained In 
Dtsplacement Reld 30437 and Displacement Extension Reld 30439 to the pointer's offseit 

— Array Rag 30417: NTE 30401 represents an array. 

— lES Is a Name Flag 30419: lES Reld 30445 contains a Name that represents the lES value. 
Several of these flags may be set in a giv^ NTC 30401 . For example, an entry for an array element that 

was referenced via a pointer to tfie array which in turn was represented by a Name, and whose lES value 
was represented by a Name, would have Fla^ 30409, 30413, 30415, 30417, and 30419 set 

FM Reld 30421 indicates how ^e data represented by the Name is to be formated when H is fetched 
from memory. The value of FM Reld 30421 t& placed in RU Reld 27107 of Logical Descriptor 27116 
produced from NTE 30401. The two bits allow for four possibilities: 

Setting Meaning 



00 right justify, zero fill 

01 right justify, sign fill 

10 left justify, zero fill 

1 1 left justify, ASCII space fill 



The four bits in Type Reld 30423 are used by compilers for language-specific type information. The 
value of Type Reld 30423 is placed in Type Reld 27109 of Logical Descriptor 27116 produced from NTE 
30401. 

Base Reld 30425 may have either Base is an ABP Format 30427 or Base is a Name Format 30432. The 
manner in which Base Field 30425 is interpreted depends on the setting of Base is a Nan>e Flag 30413 and 
Base Indirect Flag 30415. There are four possibilities: 
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Reld Settings 
Base is a Name Base Indirect Meaning 



ASP Format locates base 
directly- 

ABP Format locates a pointer 
which is the base. 

Base is Name Format locates 
base when Name is resolved. 

Base is Name Format locates 
a pointer when Name is 
resolve and the pointer is 
the base. 

As indicated by the above table. Base Field 30425 is interpreted as having Base is ABP Format 30427 
20 when Base is a Name Rag 30411 is not set In Base is ABP Format 30427. Base Reld 30425 has two 
subfields: ABP Reld 30429 and Pointer Locator Reld 30431. The latter field has meaning only when Base 
Indirect Flag 30415 is set ABP Reld a)429 is a two-bit code which indicates the ABP. The settings and their 
meanings are the following: 

2s Setting APB 



00 FP 

01 Unused 

so 

10 SDP 

11 PBP 

35 The ABPs are cfiscussed below. When Base Indirect Flag ^15 is set to 1 and Base is a Name Flag 

30413 is set to 0, the remaining 1 4 bits of the Base Reld in ABP Format are interpreted as Pointer Locator 
Reld 30413. When so interpreted. Pointer Locator Reld 30413 contains a signed integer, which, when 
mu ttipiied fay 1 28, gives the dt^lacement of a pointer from the ABP specified in ABP Reld 30429. The value 
of this pointer is then the base to which the di^acmnent is added. 

40 Base Reld 30425 is interpreted as having Base is a Name Format 30432 wh^ Base is a Name Rag 
30413 is set to 1. In Base is a Name Format 30432, Base Reld 304^ contains a Name, tf Base Indirect Rag 
30415 is not set the Name is resoh^ed to otttain the Base. If Base Indirect Rag 30415 is set the name Is 
evaluated to obt^n a pointer value, and that pointer value is the Base. 

45 3. Architectural Bhse Potntms (Figs. 305, 306) 

If Base is a Nanne Rag 30413 belonging to a NTE 30401 is not s^ Base Reld ^25 spedfies one of the 
three ABPs In CS 10110: 

— PBP specifies a location in Procedure Object 608 to which displacements may be added to obtain the 
locations of Literals and SINs. 

K) — SDP specifies a location in a Static Data Block for an invocation of a Procedure 602 to which 
displacements may be added to obtain the locations of static data and linkage pointers to Procedures 
602 contained in other Procedure Objects 608 and static data. 

— FP spedfies a location in the MAS frame belonging to Procedure 602*3 current invocation to which 
displacements may t>e added to obtain the location of local data and linkage pointers to arguments. 

55 Each time a Process 610 invokes a Procedure 602. Call microcode saves the current values of the ABPs 

on Secure Stack 1 0336, calculates the values of the ABPs for the new invocation, and places the resulting 
Logical Descriptors 27116 in FU 10120 registers, vy^re they are accessible to Namespace microcode. 

Call microcode calculates the ABPs as follows: PBP is obtained directly from PBP field 30315 In PED 
30303 belonging to the Procedure 602 being executed. All that is required to make it into a Logical 

€0 Descriptor 27116 is the addition of the AON for Procedure Object BOB'S UID. 

SDP is obtained by performing a pointer-to-descriptor translation on SDPP Reld 30313. FP, finally, is 
provided by the portion of Call microcode which creates the new MAS 502 frame for the invcK:ation. As is 
described in detail in the discussion of Call, the Call microcode copies linkage pointers to the invocation's 
actual arguments onto MAS 502, sets FP to poim to the location following the last actual argument, and 

€5 then allocates storage for the invocation's local data. Positive displacements from FP thi« specify locations 
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in the local data, while negative offsets specify linkage pointers. 
a.a. Resolving and Evaluating Names (Fig. 305) 
The primary operations performed by Namespace are resolving names and evaluating them. A Name 
has been resolved when Namespace has used the ABPs and information contained in the Name's NTE 
^ 30401 to produce a Logical Descriptor 271 16 for the Name; a name has been evaluated when Namespace 
has resolved the Name, presented the resulting Logical Descriptor 27116 for the Name to memory, and 
obtained the value of the data represented by the Name from memory. 

The resolve operation has three parts, which may be performed in any order: 

— Obtaining the Base from Base Reld 30425 of the Name's NTE 30401. 

— Obtaining the displacement 

— Obtaining the length from Length Held 30435. 

Obtaining the length is the simplest of the operations: if Length in a Name Flag 3041 1 is set the length 
IS the value obtained by evaluating the Name contained in Length Reld 30435: otherwise* Length Reld 
30435 contains a Rterat value and the length is that literal's value. 

There are four ways in which the Base may be calculated. Which is used depends on the settings of 
Base is a Name Rag 30413 and Base Indirect Rag 30415: 

— Both Rags 0: the ABP specified in ABP Reld 30429 is the Base. 

— Base is a Name Rag 30413 0 and Base Indirect Flag 30415 1 : The Base is the location contained in the 
pointer specified by ABP Reld 30429 and pointer Locator Reld 30431. 

— Base is a Name Flag 30413 1 and Base Indirect Flag ^15 0: The Base is the location obtained l>y 
resolving the Name in Base Field 30425. 

— Both Flags 1 : The Base js the location obtained tsy evaluating the Name In Base Reld 30425. 

The manner in which Namespace calculates the displacement depends on whether NTE 3040'i 
represents a scaler data item or an array data item. In the first case, Namespace adds the value contained in 
^ emplacement Reld 30437 and Displacement Extension Reld 30439 to the location obtained for the Base; in 
the second case. Namespace evaluates Index Name Reld 30441 and 1E5 Reld 30445, multiplies the 
resulting values together, and adds the produce to the value in [^splacement Reld 30437 in order to obtain 
the displacement 

If any field of a NTE 30401 contains a Name, Namespace obtains the value or location represented by 
30 the Name by performing a Resolve or Evaluation operation on h as required. As mentioned in the 
discussion of NTEs 30401, flags in Rags Reld 30408 indicate which fields of an NTE 30401 contain Names. 
Since the NTE 30401 for a Name used in another NTE ^)401 may itself contain Names* Namespace 
performs the Resolve and Evaluation operations recursive. 

35 b.b. Implementation of Name Evaluation and Name Resolve in CS 10110 

In the present embodiment the Name Evaluation and Resolve operations are carried out by FU 10120 
microcode Eval and Resolve commands. Both commands require two pieces of Information: a register in 
the current frame of SR portion 10362 of GRF 10354 for receiving Logical Descriptor 271 1 6 produced by the 
operation, and the source of the Name which is to t>e resolved or evaluated. Both Resolve and Eval may 

40 choose between three sources: Parser 20264. Name Trap 20254, and the low-order 16 bits of the output 
register for OFFALU 20242. Resolve may specHy cunent frame registers 0, 1. or 2 for Logical Descriptor 
27116, and Eval may specify current frame registers 0 or 1. At the end of the Resolve operation. Logical 
Descriptor 271 16 for the data represented by the Name is in the specified SR 10362 register and at the end 
of the Evaluation operation. Logical Descriptor 27116 is in the specified SR 10362 register and the data's 

45 value has been transferred via MOD Bus 10114 to EU 10122's OPB 20322. 

The execution of both Resolve and Eval commands always begin with the presentation of the Name to 
Name Cache 10226. The Name presented to Name Cache 10226 is latched into Name Trap 20254, where it is 
available for subsequent use by Name Resolve microcode. 

If there is an entry for the Name in Name Cache 10226, a name cache hit occurs. For Names with NTEs 

so 30401 fulfilling three conditions, the Name Cache 10226 entry for the Name is a Logical Descriptor 271 16 for 
the data item represented by the Name. The conditions are the following: 

— NTE 30401 contains no Nam^. 

— Length Reld of NTE 30401 specifies a length of less than 256 bits. 

— If Base is indirect Rag 30415 is set Pointer Displacement Reld 30431 must have a negath^e value. 
55 indicating that the base is a linkage pointer. 

Logical Descnptor 271 16 can be encached In this case because neither the location nor the length of the 
data represented by the Name can change during the life of an invocation of Procedure 602 to which the 
Name belongs. If the Name Cache 10226 entry for the Name is a Logical Descnptor 27116, the hit causes 
Name Cache 10226 to place Logical Descriptor 271 16 in the specified SB 10362 register. In all other cases, 

60 the Name Cache 10226 entry for the Name does not contain a Logical Descriptor 27116, and a hit causes 
Name Cache 1 0226 to emit a JAM signal. The JAM signal invokes microcode which uses information stored 
in Name Cache 10226 to construct Logical Descriptor 27116 for the data item represented by the Name. 
JAMS are explained in detail below. 

if there is no entry for the Name in Name Cadre 10226, a Name Cache Miss occurs, and Niame Cache 

& 10226 emits a cache miss JAM signal. The Name Resolve microroutine invoked by the cache miss JAM 
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signal constructs an entry in Name Cache 1 0226 from the Name's NTE 30401 , using FU 101 aCs DESP 2021 0 
to perform the necessary calculations. When it is finished, the cache miss microcode leaves a Logical 
Descriptor 27116 for the Name In the specified SR 10362 register and returns. 

The Resolve operation is over v^en Logical Descriptor 27116 has been placed in the specified GRF 
^ 10354 register; the Evaluation operation continues by presenting Logical Descriptor 27116 to Memory 
Reference Unit 27017, which reads the data represented by Logical Descriptor 27116 from memory and 
places ft on ORB 20322. The memory reference may result in Protection Cache 10234 misses and ATU 10228 
misses, as well as protection faults and page faults, but these are handled by means of event signals and 
are therefore invisible to the Evaluation operation. 

Name Cache 1 0226 produces 15 different JAM signals. The signal produced by a JAM depends on ^e 
following: whether the operation is a Resoh^e or an EvaL which register Logical Descriptor 27116 is to be 
placed in» whether a miss occurred, and in the case of a hit which register In the Name Cache 10226 entry 
for the Name was loaded last. From the point of view of the behavior of the microcode invoked by the JAM, 
the last two factors are the most important Their relation to the microcode is explained in detail below. 

In the present embodiment all entries in Name Cache 10226 are invalidated when a Procedure 602 
calls another Procedure 602. The Invalidation is required because Calls always change the value of FP and 
may also change the values of SDP and PBP, thereby changing the meaning of NTEs 30401 using 
displacements from ABPs. Entries for Names in invoked Procedure 602 are created and loaded into Name 
Cache 10226 when the Names are evaluated or resolved and 8 cache miss occurs. 

The followng discussion will first present Name Cache 10226 as it appears to the microprogrammer 
and then explain in detail how Name Cache 10226 is used to evaluate and resolve Names, how it ts loaded, 
and how it Is flushed. 

C.C. Name Cache 10226 Entries {Ftg. 306) 

^ The structure and the physical behavior of Name Cache 10226 was presented in the discussion of FU 
10120 hardware; here, the logical structure of Name Cache 10226 entries as they appear to the 
. microprogrammer is presented. To the microprogrammer, Name Cadie 10226 appears as a device which, 
when presented a Name on NAME Bus 20224, .ahvays provides the microprogrammer with a Name Cache 
10226 entry for the Name cortststing of four registers. The microprogrammer may read from or write to any 

^ one of the four registers. When the microprogrammer writes to die four registers, the action taken by Name 
Cadie 10226 when a hit occurs on the Name associated with the four registers depends on which of the 
registers has most recently been loaded. The means by whtdi Name Cache 10226 associates a Name with 
the four registers, and the means by which Name Cache 10226 provides registers v^en it is full are invisible 
to the microprogrammer. 

35 Rg. 306 illustrates Name Cache Entry 30601 for a Name. The four Registers 30602 in Name Cache Entry 
30^1 are numbered Othrough 3, and each Register 30602 has an AON, offset, and length field like those in 
GRF 10354 registers, except that some flag bits in GRF 10354 register AON fields are not irujluded in 
Register Z06O2 fields, and the length field in Register 30602 is 8 bits long. As ts the case wth GRF 10354 
registers, the microprogrammer can read or write individual fields of Register ^602 or entire Register 

^ 30602. Name Cache Entry 30601 is connected via DB 27021 to DESP 20210, and consequently^ the contents 
of a GRF 10354 register may be obtained from or transferred to a Register 30602 or viceversa. When the 
contents of a Register 30602 have been transfered to a GRF 10354 register, the contents may be processed 
using OFFALU 20242 and odier arithmetic-logical devices in DESP 20210. 

45 d.d. Name Cache 10226 Hits 

When a Name is presented to Name Cache 10226 and Nante Cache 10226 has a Name Cache Entry 

30601 containing information about the Name, a name cache hit occurs. On a hit. Name Cache 10226 
hardware ah^vays loads the contents of Register 30602 0 of the Name's Name Cache Entry 30501 Into the 
GRF 10354 register specified in the Resoh^e or Eval mtcrocommand. In addition, a hit may result in the 

so invocation of microcode via a JAM: 

— The JAM may invoke spedal microcode for resolving Names of array elements whose NTEs 30401 
allow certain hardware accelerations of index calculations. 

— The JAM may irwoke general name resolution microcode which produces a Logical Descriptor 27116 
from the coments of Name Cache Entry 30601. 

5S Whether the hit produces a JAM, and the kind of JAM it produces, are determined by the last Register 

30602 to be loaded when Name Cache Entry 30801 was created by Name Cache Miss microcode. If Register 
30602 0 was the last to be loaded, no JAM occurs; if Register 30602 1 was loaded last the JAM for spedal 
array Name resolution occurs; rf Register ^602 2 or 3 was loaded last, the JAM for general Name 
resolution occurs. 

«p As may be inferred from the above. Name Cache 10226 hardware defines the manner in which Name 

Cache Entries 30601 are loaded for the first two cases. In the first case. Name Cache Register 30602 0 must 
contain Logical Descriptor 27116 for the Name's data. As already mentioned, the Name's NTE 30401 must 
therefore describe data whose location and length does not char>ge during an invocation and whose length 
is less than 255 bits. Name Cache 10226 hardware also determines the form of Name Cache Entries 30601 

fis for encachable arrays. An encachable array NTE 30401 is an array NTE 30401 which fills the following 
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conditions: 

— The only Name contained in array NTE 30401 is in Index Name Reld 30441. 

— NTE 30401 for the index Name fills the conditions for scaler NTEs 30401 for which logical Descriptors 
27116 may be encached. 

s — The value in lES Reid 30445 is no greater than 128 and a power of 2. 

— Array NTE 30401 otherwise fills the conditions for scaler NTEs 30401 for which Logical Descriptors 
27116 may be ^cached. 

In the present embodiment, the encachabie array entry uses registers 0» 1, and 2 of Name Cache Entry 
30601 for the name: 



^egt^T Contents 

- AON " OFFSET LENGTH 

IS z 

0 Logical Descriptor 27116 for the index Name 

1 0 lES power of 2 unused 
20 2 Logical Descriptor 271 16 for the array 



When a hit for this type of entry occurs^ the resulting JAM signal does two things: it invokes 
encachabie array resoh^e microcode and it causes the index Name's Logical Descriptor 27116 to be 

26 presented to Memory Reference Unit 27017 for a read operation which returns tt\e value of the data 
represented by the index Name to an accumulator in OFFALU 20242. The encachabie array resolve 
microroutine then uses the Name that caused the JAM, latched into Name Trap 20254, to locate Register 
30TO2 2 of Name Cache Entry 30601 for the Name, writes the contents of Register 3QB02 2 into the GRF 
register specified by the Resolve or Eval microcommand, obtains tf»e product of the ES value and the index 

30 value by shifting the index value left the number of times spedfied by the lES exponent in Register 30602 1 , 
adds the result to the ofliset field of the GRF 10354 register containing the^nra/s Logical Descriptor 27116, 
thus obtatnir^ Logical Descriptor 27116 for the desired array element, and retums. 

For ttie other cases, the manner in which Name Cache Entries 30601 are loaded and processed to 
obtain Logical Descriptors 271 16 is determined by the microprogrammer. The JAM signal which results if a 

35 Name Cache Entry 30601 is neither a Logical Descriptor 27116 nor an encachabie array entry merely 
invokes a microroutine. The microroutine uses the Name latched into Name Trap 20254 to locate the 
Name's Name Cache Entry 30601 and then reads tag values in Name Cache Entry 30601 to determine how 
the information in Name Cache Entry 30601 is to be translated into a Logical Descriptor 271 16, The contents 
of Name Cac^e Entries 30S31 for the other cases have two general fomis: one for NTEs 30401 with Base is 

4W Indirect Rag WIS set and one for NTCs In which it is not set. The first general form looks like this: 

Register Contents 





AON 


OFFSET 


LENGTH 


0 


ABP AON 


tag/length 


unused 


1 


0 


index name/IES 


unused 


2 


0 


unused 


unused 


3 


0 


data displacement 
from loc specified 
by pointer 


unused 



ss 

Register 30602 0 contains the AON of the ABP. Register 30602 O's offset field contains two items: the 
tag. which contains Hags Reld 30408 of NTE 30401 along with other information, and which determines 
how Name Resolve microcode interprets the contents of Name Cadhe Entry 30601 , and a value or Name for 
eo the length of the data item. Register 30602 1 is used only if the Name represents a data item in an array. It 
then contains the Name from Index Reld 30441 and the Name or value from lES Reld 30445. The offset field 
of Register 30602 3 contains the sum of the offset indicated by NTE 3040 Vs ABP and of the displacement 
indicated by NTE 30401. 

The second format, used for NTEs 30401 whose bases are obtained from pointers or by resolving a 
£5 Name, looks like this: 
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Registers Contents 

AON OFFSET L£NGTH 

5" 0 O tag/length unused 

1 0 index name^ES unused 

2 0 FM and type bits/ unused 
w base field 

3 0 • , data displacement unused 

from loc specified 



75 



60 



65 



by pointer or name 



In this form, the location of the Base must be obtained either by evaluating a pointer or resolving a 
Name. Hence, there is no field spec'rfying the Base's AON. Otherwise. Registers 30602 0 and 1 have the 
20 same contents as in the previous format. In Register 300)2 2, the offset field contains Name Table Entry 
3040VS FM Field 30421 and Type Reld 30423 and Base Held 30425. The Offset Field of Register 30602 2 
contains the value of Name Table Entry 30401 Displacement Relds 30437 and 30439. 

As in Name Table Entries 30401, the index must be represented by a Name, and length, lES, and Base 
may be represented by Names. If a field of Name Cache Entry 30^1 contains a Name, a flag in the tag 
25 indicates that fact and Name ResoWe microcode performs an Eval or Resolve operation on it as required to 
obtain the value or location represented by the name. 

The mictxjcode which resoh/es Nanne Cache Entries 30601 of the types just described uses the general 
algorithms described in the discusaon of Name Table Entries 30401. and is therefore not discussed further 
here, 

30 

e.e. Nan^ Cache 10226 Misses 
When a Name is presented to Name Cache 10226 and there is no Name Cache Entry 30«)1 for the 
Name, a name cache miss occurs. On a miss Name Cache 10226 hardware emits a JAM signal which 
invokes name cache miss microcode. The microcode obtains the Name which caused the miss from Name 

^ Trap 20254 and locates the Name's NT£ 30401 by adding the Name to the value of NTP 30311 from PED 
30303 for Procedure 602 being executed. As will be explained in detail later, when a Procedure 602 is called, 
the Call miwocode placK the AON and offset specifying the NTP's location in a register in CR's 10360. 
Using the information contained in the Name's NTE 30401, the Cache Miss microcode resoh/es the Name 
and constructs a Name Cache Entry 30601 for it As described above, the microcode detemnines the method 

40 by which it resolves the Name and the form of the Name's Name Cache Entry 30601 by reading Rags Field 
30408 in the Name's NTE 30401 . Since the descriptions of the Resoh^ operation, the micromachine, Name 
Cache 10226, and the formats of Name Cache Entries 30601 are suffident to allow those skilled in the art to 
understand the operations performed by Cache Miss microcode, no further description of the microcode is 
provided. 

45 

If. Rushing Name Cache 10226 
As described in the discussion of Name Cache 10226 hardware, hardware means, namely VALS 24068, 
exist which allow Name Cache Entries 30601 to be invalidated. Name Cache Entries 30601 may be 
invalidated singty, or all entries in Name Cache 10226 may be invalidated by means of a single 

so microcomnDand. The latter operation is termed name cache flushing. In the present embodiment. Name 
Cache 10226 must be flushed when Process 610 whose Virtual Processor 61 2 is bound to JP 1 01 14 ex«ajtes 
a Call or a Return and whenever Virtual Processor 612 NO is unbound from JP 10114. Ruling is required 
on Call and Return because Cads and Returns change the values of the ABPs and other pointers needed to 
resohre Names. At a minimum, a Call produces a new MAS Frame 10412, and a Return retunreto a previous 

55 Frame 1 041 2, ther^ changing the value of FP. If the called Procedure 602 has a different PED 30303 from 
that of the calling Procedure «)2, the Call or Return may also change PBP, SDP, and NTP. Rushing Is 
required when a Virtual Processor 612 is unbound from JP 101 14 because Virtual Processor 612 whic^ is 
next bound to JP 10114 is bound to a different Process 610, and therefore cannot use any information 
belonging to Process 610 bound to the Previous Virtual Processor 612. 



g.g. Fetching the l-Stream 
As explained in the discussion of FU 10120 hardware, SINs are fetched from memory by Prefetcher 
202«). PREF 20260 contains a Logical Descriptor 27116for a location in Code 10344 belonging to Procedure 
602 which is currently being executed. On any MO cycle, PREF 20260 can place Logical Descriptor 27116 on 
DB 27021, cause Memory Reference Unit 27017 to fetch 32 bits at the location specified by Logical 
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Descriptor 27116, and write them into INSTB 20262. When INSTB 20262 is full, PREF 20260 stops fetching 
SlNs until Namespace parsing operations, described below, have processed part of the contents of INSTB 
20262, thereby creating space for more SIN 8. 

The fetching operation is automatic, and requires intervention from Namespace only when a SIN 
5 causes a branch, i.e., causes the next SIN to be executed to be some other SIN than the one immediately 
follovwng the current SIN. On a branch. Namespace must load PISEF 20260 with the location of the next SIN 
to be executed and cause Pf^EF 20260 to begin fetching SINs at that location. The operation which does this 
is spectfied by the load-prefetch-for-branch microcommand. The mtcrocommand spedfies a source for a 
Logical Descriptor 27116 and transfers that Logical Ctescriptor 27116 via DB 27021 to PREF 20260. After 
PREF 20260 has thus been loaded, it begins fetching SINs at the spectfied location. Since any SINs still m 
INSTB 20262 have been rendered meaningless by the branch operation, the first SINs loaded into INSTB 
20262 are simply written over INSTB 20262's prior contents. Rg, 274 contains an example of the use of the 
load-prefetch-for-branch microcommand. 

'5 h.h. Parsing the l-Stream 

The l-stream as fetched from MEM 101 12 and stored in INSTB 20262 Is a sequence of SOPs and Names. 
As already nr>entioned, the l-stream has a fixed format: in the present embodiment. SOPs are always 8 bits 
long, and Names may be 8, 12, or 16 bits lorig. The length of Names used in a given procedure is fixed, and 
is indicated by the value in K Field 30305 in the Procedure B02's PED 30303. The Namespace parsing 
20 operations obtain the SOPs and Names from the l-stream and place them on NAME Bus 20224. The SOPs 
are transferred via this bus to the devices in SOP Decoder 27003, while the Names are transferred to Name 
Trap 20254 and Name Cache 10226 for Resolve and Evaluation operations as described above. As the 
parsing operations obtain SOPs and Names, they also update the three program counters CPC 20270, EPC 
20274, and IPC 20272. The values in these three counters ate offsets from PBP which point to locations in 
25 Code 10344 belonging to Procedure 602 being executed. CPC 20270 points to the l-stream syllable cunrently 
being parsed, so it Is updated on every parsing operation. EPC 20274 points to the beginning of the last SIN 
executed by JP 101 14, and IPC 20272 points to the beginning of the current SIN, so these program counters 
are changed only at the beginning of the execution of an SIN, i.e., when a SOP is parsed. 

As described in the discussion of FU 10120 hardware. In the current implementation, parsing consists 
30 physically of reading 8 or 16 bits of data from a location in INSTB 20262 identified by a pointer for INSTB 
20262 whi<^ is accessible only to the hardware. As data is read, the hardware increments the pointer by the 
number of tats read, wrapping around and returning to the beginning of INSTB 20262 if it reaches the erwl 
At the same time that the hardware i ncrements the pointer, It iiwrements CPC 20270 by tfie same nuntber of 
bits. As previously mentioned, CPC 20270 contains the offset from PBP of the SOP or Name being currently 
35 parsed, thus crordinating the reading of INSTB 20262 with the reading of Procedure 602*8 Code 10344. 

The number of bits read depends on whether Parser 20264 is reading an SOP or a Name, end in the 
latter case, by the syllable size specified for the Name, The syllable sire is contained in CSSR 24112. On a 
Call to a Prtwedure 602 which has a differem PED 30303 from that of the calling procedure, the Call 
microcode loads the value contained in K Reld 30305 into CSSR 24112. 
40 Namespace's parsing operations are performed t>y separate microcommands for parsing SOPs and 
Names. There is a single microcommand for parang S-operatlons: parse-op-stage. The microcommand 
obtains tire next eight bits from INSTB 20262, places the bits onto NAME Bus 20224, and latches them into 
LOPCODE Register 24212. h also updates EPC 20274 and IPC 20272 as required at the beginning of an SIN: 
EPC 20274 is set to IPC 20272's former value, and IPC 20272 is set to CPC 20270's value. At the end of the 
is operation, CPC 20270 is incremented by 8. Since the parsing of an SOP aWvays occurs as the first operation 
in the interpretation of an SIN, the parse-op-stage command is generally combined witii a dispatch fetch 
command. As will be explained below, the latter command interprets the S-operation as an address in 
FDISP 24218, and FDISP 24218 in turn produces an address in FUSITT 11012. The latter address is the 
location of the beginning of the SIN microcode for the SIN. 

50 

There are two microcommands for parsing Names: 
parse_kJoad_epc and parse_k_dispatch_ebox Both commands obtain a number of bits from INSTB 20262 
and place them on NAME Bus 20214. With both microcommands, the syllable size, K, stored in CSSR 241 12, 
determines the number of bits obtained from INSTB 20262. Both commands also increment CPC by the 
S5 value stored in CSSR 24112. In addition, parse_kJoad_epc sets EPC to IPCs value, while 
p3rse_k_disp8tch„ebox also dispatches EU 10122, i.e., interprets the SOP saved in LOPCODE 24210 as an 
address In EDISP"24222, which in turn contains an address in EU EUSITT 20344. The EU EUSITT 20344 
address is passed via EUDIS Bus 20206 to COMQ 20342 in EU 10122. 

so c. The S-lnterpreters (Rg. 307) 

CS 10110 does not assign fbced meanings to SOPs. While all SOPs are 8 twts long, a given 8 bit SOP 
may have one meaning in one S-Language and a completely different meaning in another S-Language. The 
semantics of an S-Language's S-operations are determiried completely by the S-interpreter for the S- 
Language. Thus, in order to correctly interpret an S-operation, CS 101 10 must know what 5-interpreter it is 

55 to use. The S-interpreter is identified by a UID pointer with offset 0 in SIP Reld ^309 of PED 30303 for 
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Procedure 602 that CS 10110 is currently executing. In ^e present embodiment, the UID is the UID of a 
microcode object which contains FU 10120 microcode. When loaded into FUSPTT 11012, the microcode 
interprets SOPs as defined by the S-Language to which the SOP belongs. In other embodiments, the UID 
may be the UID of a Procedure Object 608 containing Procedures 602 which interpret the S-Language's 
SOPs, and in still others, the S-interpreter may be contained m a PROM and the S-interpreter UID may not 
specify an object but may serve solely to identify the S^nte^p^eter. 

When a Procedure 602 executes an SIN on JP 10114, CS 10110 must translate the value of SIP Pointer 
303(» for Procedure 602 and the S-instruction*s SOP into a location in the microcode or high-level language 
code which makes up the S-interpreter. The location obtained by the translation is the beginning of the 
microcode or high-level language code which implements the SI N. The translation of an SOP together with 
SIP Pointer 30309 into a location in the S-interpreter is termed dispatching. Dispatching in the present 
embodiment involves two primary components: a table in memory which trarislates the value of SIP 
Pointer 30309 into a small imager called the Dialect Number, and S-operation Decoder Portion 27003 of the 
FU 10120 micromachine. The following discussion will first present the table and explain how an SIP 
Pointer 30309 is translated into a Dialect Number, and then explain how the Dialect Number and the SOP 
together are translated into locations in FUSITT 11012 and EUSITT 20344. 

1. Translating SIP Into a Dialect Number (Fig. 307) 

in the present embodiment all S-interpreters in CS 101 10 are loaded into FUSITT 1 1012 when CS 1 01 1 0 
begins operation and each S-interpreter is always placed in the same location. Which S-interpreter is used 
to Interpret an S-Language is determined by a value stored in dialect register RDIAL 24212, Consequently, 
tn the present embodiment a Call to a Procedure 602 whose S-interpreter differs from that of the calling 
Procedure 602 must translate the UID pointer contained in SIP field 30309 into a Dialect Number. 

Rg. 307 represents the table and microcode which performs this translation in the present 
embodiment S-interpreter Translation Table (STD 30701 is a table which is indexed by small AONs, Each 
STT Entry (ST7E) 30703 has two fields: an AON Field 30705 and a Dialect Number Held 30709. Dialect 
Number field 30709 contains the Dialect Number for the S-interpreter object whose AON is in AON field 
30705. 

When CS 101 10 begins operation, each S-interpreter object is wired acth^ and assigned an AON small 
enough to serve as an index in STT 30701. By convention, a given S-interpreter objec t is al ways assigned 
the same AON and the same Dialect Number. The AON is placed in AON Field 30705 of STTE ^03 indexed 
by the AON, and the Dialect Number is plac^ In Dialect Number field 307(». Since tl^ S-interpreter 
objects ere wired active, these AONs will never be reassigned to other objects. 

On a Call which requires a new S-interpreter. Call microcode obtains the new SIP from SIP field 303C©, 
calls KOS LAR microcode to translate its UID to its AON, uses the AON to locate the S-interpreter's STTE 
30703, and places the value of Dialect Number field 30709 into RDIAL 21242. 

Othtt- embodin^ents may allow S-interpreters to be loaded into FUSITT 11012 at times other than 
system initialization, and allow S-interpreters to occupy different locations in FUSITT 11012 at different 
times. In these embodimems, STT 30701 may be implemented in a manner similar to the implementations 
of AST 10914 or MHT 10716 in the present embodiment 

2. Dispatching 

Dispatching is accomplished by Dispatch files 27004. These files translate the values provided by 
RDIAL 24212 and the SOP of the S^nstruction being executed into the location of microcode for the SIN 
specified by the S-operation in the S-interpreter specified by the value of RDIAL 24212. The present 
«nbodiment has three dispatch files: FDISP 24218, FALG 24220, and EDISP 24222. FDISP 24218 and FALG 
24220 translate S-operations into locations of microcode which executes on FU 10120; EDISP 24222 
translates S-operattons into locations of microcode vtfhich executes on EU 10122. The differerKe between 
FDISP 24218 and FALG 24220 is one of speed: FDISP 24218 can translate an SOP in the same 
microinstruction which performs a parse^op^siage comnnand to load the SOP into LOPCODE 24210. FALG 
24220 must perform the translation on a cycle following the one in which the SOP is loaded imo LOPCODE 
24210. Typically, the location of the first portion of the microcode to execute an S-O|>eration is contained in 
an FDISP 24218 register, the location of portiorts executed later is contained in an FALG 24220 register, and 
the location of microcode for the S-operation which executes on EU 10122 is contained in EDISP 24222. 

In the present embodiment the registers accomplish the translation from S-operation to microcode 
location as follows: As mentioned in the discussion of FU 1 012O hardware, each Dispatch file contains 1024 
registers. Eadi register may contain an address in an S-interpreter. As wlli be seen in detail later, the 
address nnay be an address in an S-interpreter's object or it may be the address in FUSITT 1 1012 or EUSITT 
20344 of a copy of microcode stored at an S-interpreter address. The registers in the Dispatch files may be 
divided into sets of 128 or 256 registers. Each set of registers translates the SOPs for a single S-Language 
into locatiorw in microcode. Which set of registers is used to interpret a given S-operation is decided t>y the 
value of RDIAL 24212; which register in the set is used Is determined by the value of the S-operation. The 
value contained in the spedfied register is then the location of microcode which executes the S-instruction 
sp^rfied by the S-operation In the S-Language specified by RDIAL 24212. 

Logically, the register addressed by the concatenated value in turn contairts a 15 bit address which is 
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the location in the S-interpreter of the first microinstruction of microcode used to execute the S-lnstruction 
specified by the S-operation in the S-Language specified by the contents of RDIAL 24212. In the present 
embodiment the microcode referred to by the address may have been loaded into FUSITT 11012 and 
EUSm 20344 or it may be available only in memory. Addresses of microcode located in f=USrTT 11012 and 
s EUSm 20344 are only eight bits long. Consequently, if a Dispatch Rle 27004 contains an addr^s which 
requires more bits than that, the microcode specified by the address is in memory. As described in the 
discussion of FU 10112 hardware, addresses larger than 8 bits produce an Event Signal, and microcode 
invoked by the event signal fetches the microinstruction at the specified address in the S-lnterpreter from 
memory and loads it into location 0 of RJSITT 11012, The event microcode then returns, and the 
microinstruction at location 0 is executed. If the next microinstrucdon also has an address larger than 8 bits, 
the event signal occurs again and the process described above is repeated. 

As previously mentioned, FDISP 24218 is faster than FALG 24220. The reason for the difference in 
speed is that FDISP registers contain only 6 bits for addressing the S-interpreter. The present embodiment 
assumes that alt microcode addressed via FDISP 24218 is contained in FUSITT 11012. It concatenate 2 zero 
bits with the sbc bits in the FDISP 24218 register to produce an 8 bit address for FUSm 1 1012. FDISP 24218 
registers can thus contain the location of every fourth FUSITT 1 1012 register between FUSITT register 256. 
and FUSITT register 448. The microcode loaded into these locations in FUSHT 11012 is microcode for 
operations which are performed at the start of the SIN by many different SINs. For example, all SiNs vA\\cb 
perform operations on 2 operands and assign the result to a location specified by a third operand must 
20 parse and evaluate the first two operands and parse and resoh^e the third operand. Only after these 
operations are done are SINs-specific operations performed. In the present ernbodiment, the microcode 
vAnth parses, resolves, and evaluates the operands is contained in a part of FUSnT 11012 which is 
addressable by FDISP 24218. 

As previously mentioned, in the present embodiment FUSITT 11012 and EUSITT 20344 may be loaded 
^ only when CS 10110 Is initialized. The microcode loaded into FUSITT 1 101 2 and EUSITT 20344 is produced 
by the microbinder from the microcode for the various SINs. To achieve efRdent use of FUSITT 11012 and 
EUSTTT 20344, microcode for operations shared by various S^nterpreters appears only once in FUSITT 
11012 and EUSITT 20344. While the SiNs in different S-Languages which share the microcode have 
different registers in FDISP 24218, FALG 24220, or EDISP 24222 as the case may be, the registers for each of 
50 the S-inslrucdons contain the same location In FUSITT 11012 or EUSITT 20344. 

4. The Kernel Operating System 
A. Introduction 

Many of the unique properties of CS 10110 are produced by the manipulation of tables in MEM 10112 
^ and Secondary Storage 10124 by programs executing on JP 101 14. These programs and tabl^ together 
make up the Kernel Operating System <KOS). Having described CS 10110's components and the means by 
which they cooperate to execute computer programs, this spedfication now presents a detailed account of 
KOS and of the properties of CS 101 10 which it produces. The discussion begins with a general introduction 
to operating systems, then presents an overview of CS 101 lO's operating systems, an overview of the KOS, 
^ and detailed discussions of the implementation of object, access control, and Processes 610. 

a. Operating Systems (Fig. 401) 

In CS 10110. as In other computer systems, the operating system has two functions: 

— It controls the use of CS 1011O resources such as JP 10114, MEM 10112, and devices in lOS 10116 by 
programs being execute on CS 10110. 

— It defines how CS 10110 resources appear to users of CS 101 10. 

The second function Is a consequence of the first: By controlling the manner in which executing 
programs use system resources, the operating system in fact determines how the system appears to its 
users. Rgure 401 is a schematic representation of the relationship between User 40101, Operating System 
so 40102, and System Resources 40103. When User 40101 wishes to use a System Resource 40103, User 

40101 requests the use of System Resource 40103 from Operating System 40102, and Operating System 

40102 in turn commands CS 10110 to provide the requested Resources 40103. For example, when a user 
program virfshes to use a peripheral device, it does not deal with the device directly, but instead calls the 
Operating System 40102 procedure 602 that controls the device. While Operating System 40102 must take 

55 into account the device's complicated physical properties, the user program that requested the device need 
know nothing about the phyacal properties, but must only know what information the Operating System 
40102 Procedure 602 requires to perform the operation requested by the user program. For example, while 
the peripheral device may require that a precise pattern of data be presented to It, the Operating System 
40102 procedure 602 may only require the data itseKfrom the user program, and may format the data as 

60 required by the peripheral device. The Operating System 40102 Procedure 602 that controls the peripheral 
device thus transforms a complicated physical interface to the device into a much simpler logical interface. 

1. Resource Controlled by Operating Systems <Fig, 402) 

Operating Systems 401 02 control two kinds of resources: physical resources and virtual resources. The 
65 physical resources in the present embodiment of CS 10110 are JP 10114, lOS 10116 and the peripheral 
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devices associated with lOS 10116, MEM 10112, and Secondary Storage 10124, Virtual resources are 
resources that the operating system itself defines for users of CS 10110. As was explained above, in 
controlling how CS 1011 0's resources are used. Operating System 40102 defines how CS 10110 appears to 
the users. Instead of the physical resources controlled by Operating Systenr> 40102, the user sees a far 

s simpler set of virtual resources. The logical 1/0 device interface that Operating System 40102 gives the user 
of a physical I/O device is such a virtual resource. Often, an Operating System 40102 will define sets of 
virtual resources and multiplex the physical resources. among these virtual resources. For instance. 
Operating System 40102 may define a set of Virtual Processors 612 that correspond to a smaller group of 
physical processors, and a set of virtual memories that correspond to a smaller group of physical 

70 resources. When a user executes a program, it runs on a Virtual Processor 612 and uses virtual memory. It 
seems to the user of the virtual processor and the virtual memory that he has sole access to a physical 
processor and physical memory, but in fact, Operating System 40102 is rnultiplexing the physical 
processors and memories among ttie Virtual Processors 612 and virtual memories. 

Operating System 40102, too, uses virtual resources. For instance, the menrwry managernent portion 
of an Operating System 40102 may use 1/0 devices; when it does so, it uses the virtual t/O devices defined 
by the portion of the Operating System 40102 that manages the I/O devices. One part of Operating System 
40102 may also redefine virtual resources defined by other parts of Operating System 40102. For instance, 
one part of Operating System 40102 may define a set of primitive virtual I/O devices and another part may 
use these primitive virtual I/O devices to define a set of high-level user-oriented I/O devices. Operating 

20 System 40102 thus turns the physical CS 10110 into a hierarchy of virtual resources. How a user of CS 
10110 perceives CS 10110 depends entirely on the level at which he is dealing with the virtual resources* 
The entity that uses the resources defined by Operating System 40102 is the process. A Process 610 
may be defiiwd as the activity resulting from the execution of a program with its data by a sequential 
processor. Whenever a user requests the execution of a program on CS 10110, Operating System 40102 

25 creates a Process 610 which then executes the Procedures 602 making up the user's program. In physical 
terms, a process 610 is a set of data bases in memory that contain the current state of the program 
execution that the process represents. Operating System 40102 causes Process 610 to execute the program 
by qMng Process 610 access to the virtual resources which it requires to execute the program, by giving 
the virtual resources access to those parts of Process 610*s state which they require to perform their 

30 operations, and by giving these virtual resources access to the physical resources. The temporary 
relationship of one resource to another or of a Process 61 0 to a resource is called a binding. When a Process 
610 has access to a given Virtual Processor 612 and Virtual processor 612 has access to process 610's state, 
process 610 is bound to Virtual Processor 612, and when Virtual Processor 612 has acc^ to JP 10114 and 
Virtual Processor 612's state is loaded into JP 101 14 registers. Virtual processor 612 is bound to JP 101 14, 

35 and JP 10114 can execute SINs contained in Procedures 602 in the program being executed by Process 610 
t>ound to Virtual Prociessor 612. Binding and unbinding may occur many times in the course of the 
execution of a program by a Process 610. For instance. If a Process 610 executes a reference to data and the 
data IS not present in MEM 10112, then Operating System 40102 unLnnds Process 610'$ Virtual Processor 
612 from JP 10114 until the data is available in MEM 10112. If the data is not available for an extended 

40 period of time, or if the user for whom Process 610 is executing the program wishes to stop the execution of 
the program for a while. Operating System 40102 may unbind process 610 from its Virtual Processor 612. 
Virtual Processor 612 is ^en available for use by other Pnjcesses 610. 

As mentioned above, the binding process involves giving a first resource access to a second resource, 
and using the first resource's state in the second resource. To permit binding and unbinding. Operating 

45 System 40102 maintains data bases that contain the current state of each resource and eadi Process 610. 
State may be defined as the information that the operating system must have to use the resource or 
execute the Process 610. The state of a line printer, for instance, may be variables that indicate whether the 
line printer is busy, free, off line, or out of order. A Proc^ 610's state is more involved, since it must 
contain enough information to allow Operating System 40102 to bind Process 610 to a Virtual Processor 

so 612, execute Process 610 for a while, unbind Process 610. and then rebind it and continue execution where 
it was halted. A process 610's state thus includes all of the data used by Process 610 up to the time that it 
was unbound from a Virtual Processor 612, alor>g with information indicating whether Process 610 is ready 
to begin executing again. 

Rgure 402 shows the relationship between Processes 610, virtual, and physical resources in an 
ss operating system. The figure shows a multi-process Operating System 40102. that is, one that can 
multiplex CS 10110 resources anwng several Processes 610. The Processes 610 thus appear to be 
executing concurrently. The solid arrows in Rgure 402 indicate bindings between virtual resources or 
between virtual and physical resources. Each Process 610 is created by Operating System 40102 to execute 
a user program. The program consists of Procedures 602, and Process 610 executes Procedures e02 in the 
so order prescribed by the program. Processes 610 are created and managed by a component of Operating 
System 40102 called the Process Manager. Process Manager 40203 executes a Process 610 by binding it to 
a Virtual Processor 612. There may be more Processes 610 than there are Virtual Processors 612. In this 
case, Operating System 40102 multiplexes Virtual Processors 612 among Processes 610. 

Virtual Processors 612 are created and made available by another component of Operating System 
65 40102, Virtual Processor Manager 40205. Virtual Processor Manager 40205 also multiplexes JP 10114 
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among Virtual Processors 612. If a Virtual Processor 612 is ready to run. Virtual Processor Manager 40205 
binds it to JP 101 14, When Virtual Processor 612 can run no longer, or when another Virtual Processor 612 
requires JP 10114, Virtual Processor Manager 40205 unbinds running Virtual Processor 612 from JP 10114 
and binds another Virtual Processor 612 to it 
5 Virtual Processors 612 use virtual memory and I/O resources to perform memory access and Input- 

output Virtual Memory 40206 is created and managed by Virtual Memory Manager 40207, and Virtual I/O 
Devices 40208 are created and managed by Virtual I/O Manager 40209. Like Virtual Processor Manager 
40205, Components 40207 and 40209 of Operating System 40102 multiplex physical resources among the 
virtual resources. As descnbed above, one set of virtual resources may use another set One way in which 
this can happen is indicated by the broken arrows in Figure 402. These arrows show a binding between 
Virtual Memory 40206 and Virtual I/O Device 40208. This binding occurs when Virtual Memory 40206 must 
handle a referBnce to data contained on a peripheral device such as a disk drive. To the user of Virtual 
Memory 40206, all data appears to be available In MEM 10110. In fact however, the data is stored on 
peripheral devices such as disk drives, and copied into MEM 10112 when required. When a Process 610 
references data that has not been copied into MEM 10112, Virtual Memory 40206 must use lOS 10116 to 
copy the data into MEM 10112. In order to do this, it uses a Virtual I/O Device 40208 provided by Virtual I/O 
Manager 40209. 

20 b. The Operating System in CS 10110 

For the sake of clarity. Operating System 40102 has been described as though it existed outside of CS 
10110, In fact, however, Operating System 40102 itself uses the resources it controls. In the present 
embodiment parts of Operating System 40102 are embodied in JP 10114 hardware devices, parts are 
embodied in microcode which executes on JP 10114, and parts are embodied in Procedures ^>2. These 

25 Procedures 602 are sometimes called by Processes 610 executing user programs, and sometimes by 
special Operating System Processes 610 which do nothing but execute operations for Operating System 
40102. 

The manner in which the components of Operating System 40102 interact may be illustrated by the 
way In which CS 10110 handles a page fault i.e., a reference to data which is not available in MEM 10110. 

30 The first indication that there mey be a page fault Is an ATU Miss Event Signal. This Event Signal is 
generated by ATU 10228 In RJ 10120 when there is no entry in ATU 10228 for a togical Descriptor 27116 
used in e read or write operation. The Event Signal invokes Operating System 40102 microcode, which 
examine a table in MEM 101 12 in order to find whether the data described by Logical Descriptor 27116 has 
a copy in MEM 10112. tf the table indicates that there is no copy, Operating System 40102 microcode 

3S communicates the fact of the page fault to an Operating System 40102 Virtual Memory Manager process 
610 ar>d removes Virtual Processor 612 bound to the Process 610 which was executing when the page fault 
occurred from JP 10114. Some time later. Virtual Menu>ry Manager Process 610 is bound to JP 10114. 
Procedures 602 executed by Virtual Memory Manager Process 610 then initiate the I/O operations required 
to locate the desired data in Secondary Storage 10124 and copy it into MEM 10112. When ^e data is 

40 available in MEM 101 12, Operating System 40102 allows Virtual Processor 612 bound to Process 610 which 
was executing when the page fault occurred to return to JP 10114. Virtual Processor 612 repeats the 
memory reference which caused the page fault and since the data is now in MEM 10112, the reference 
succeeds and execution of Process 610 continues. 

45 

c. Extended Operating System and the Kernel Operating System (Rg. 403) 

In CS 10110, Operating System 40102 is made up of two c<Mnponent operating systems, the Extended 
Operating System (EOS) ar>d the Kernel Operating System <KOS). The KOS has direct access to the physical 
resources. It defines a set of primitive virtual resources and multiplexes the physical resources among the 

^ primitive virtual resources. The EOS has access to the primitive virtual resources defined by KOS, but not to 
the physical resources. The EOS defines a set of user-level virtual resources and multiplexes the primitive 
virtual resources defined by KOS among the user level virtual resources. For example, KOS provides EOS 
with Processes 610 and Virtual processors 612 and binds Virtual Processors 612 to JP 10114, but EOS 
decides when a Process 610 is to be created and when a process 610 Is to be bound to a Virtual processor 

55 612. 

Rgure 403 shows the relationship between a user Process 610, EOS, KOS, and the physical resources 
in CS 10110. Rgure 403 shows three levels of interface between executing u^r Process 610 and JP 10114. 
The highest level of interface is Procedure Level 40302. At this level. Process 610 interacts with CS 101 1 0 by 
calling Procedures 602 as specified by the program Process 610 is executing. The calls may be either calls 

so to User Procedures 40306 or calls to EOS Procedures 40307. When Process 610 is executing a procedure 
602, Process 610 produces a stream of SINs. The stream contains two kinds of SINs, S-language SINs 40310 
and KOS SINs 40311. Both kinds of SINs interact with CS 10110 at the next level of interface, SIN-level 
Interface 40309. SINs 40310 and 40311 are interpreted by Microcode 40312 and 40313, and 
Microinstructions 4(^1 5 interact with CS 10110 at the lowest level of interface, JP 10114 Interface 403ia As 

^ already explained in the discussion of the RJ 10120 micromachine, certain conditions in JP 10114 result in 
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Event Signals 40314 which invoke microroutines in S-interpreter Microcode 40312 or KOS Microcode 
40313. Only Procature-Levei Interface 40302 and SIN^evel Interface 40309 are visible to users. Procedure- 
level Interface 40309 appears as calls in user Procedures 602 or as etatennents in user Procedures 602 which 
compilers translate into calls to EOS procedures 602. SlN-level Interface 40309 appears as the Name Tables 
10335 and SINs in Procedure Objects 608 generated by compilers. 

As Figure 403 indicates. EOS exists only at Procedural Level 40302, while KOS exists at Procedural 
Level 40302, and SIN Levei 40304, and v«thin the microcode beneath SIN Level 40309. The only portion of 
the operating system that is directly available to user Processes 610 is EOS Procedures 40307. EOS 
Procedures 40307 may in tum call KOS procedures 40308. In nrwny cases, an EOS Procedure 40307 will 
contain nothing more than the call to a KOS Procedure 40308. 

User Procedures 40^6, EOS Procedures 40307, and KOS Procedures 40308 ail contain S-language 
SINs 40310. In addition, KOS Procedures 40308 only may contain special KOS SINs 40311. Special KOS 
SINs 4031 1 control functions that are not available to EOS Procedures 40307 or User Procedures 40306, and 
KOS SINs 40311 may therefore not appear in Procedures 403(K or 40307. S-language SINs 40310 are 
interpreted by S-lnterpreter Microcode 40312, while KOS SINs 40311 are interpreted by KOS Microcode 
40313. KOS Microcode 40313 may also be called by S-interpreter Microcode 40313, Depending on the 
hardware conditions that cause Event Signals 40314, Signals 40314 may cause the execution of either S- 
interpreter Microcode 40312 or KOS Microcode 40313. 

Figure 403 shows the system as it is executing a user Process 610. There are in addition spedal 
Processes 610 reserved for KOS and EOS use. These Processes 610 work like user Processes 610i but carry 
out operating system functions such as process management and virtual memory management With one 
exception, EOS Processes 610 call EOS Procedures 40307 and KOS Procedures 40308, while KOS Processes 
610 call only KOS Prwedures 40308. The exception is the beginning of Process 610 execution: KOS 
performs the KOS-level functions required to begin executing a Process 610 and then calls EOS. EOS 
performs the required EOS level functions and then calls the first User Procedure 40306 in the program 
Process 610 is executing. 

A description of how KOS handles page faults can serve to show how the parts of the system at the JP 
10114—, SIN—, and procedure Levels work together. A page fault occurs when a Process 610 references a 
data rtem that has no copy In MEM 101 12. The page fault begins as an Event Signal from ATU 10228. The 
Event Signal invokes a microroutine in KOS Microcode 403ia If the microroutine confirms that the 
referenced data item is not in MEM 1 0112, it records the fact of the page fault in sonro KOS tables in MEM 
10112 and calls another KOS microroutine that unbinds Virtual Processor 612 bound to Process 610 that 
called the page fault from JP 10114 and allows another Process 610*s Virtual Processor 612 to run. Some 
time after the page fault a special operating system Process 610, the Virtual Memory Manager Process 610, 
runs and executes KOS Prxjcedures 40^. Virtual Memory Manager Process 610 initiates the I/O operation 
titat reads the data from Secondary Storage 10124 into MEM 10112. When lOS 10116 has finished the 
operation. Process 610 that caused the page fault can run again and Virtual Memory Manager Process 61 0 
performs an operation whirfi causes Process eiCs Virtual Processor 612 to again be bound to JP 10114. 
When Process 610 resunnes execution, it again attempts to refereru^e the data. The data Is now in MEM 
10112 and consequently, the page fault does not recur. 

The division of Operating System 40102 into two hierarchically-related operating systems is 
characteristic for CS 10110. Several advantages are gained by such a division: 

— Each of the two operating systenns is simpler than a angle operating sy^em vwuld be. EOS can 
concern itself niainly vwth resource allocation policy and high-level virtual resources, while KOS can 
concern itself with lov^evel virtual resources and hardware control. 

— Because each operating system is simpler, it is easier to verify that each system's components are 
performing correctly, and the two systems are therefore more dependable than a single system. 

— Dhflding Operating System 40102 nnakes It easier to implement different embodinients of CS 10110. 
Only the interface provided by EOS is visible to the user, and consequently, the user interface to the 
system can be <^anged without altering KOS. In fact, a single CS 10110 may have a number of EOSs, 
and thereby present different Interfaces to different users. Similarly, changes in the hardware affect the 
implementation of the KOS, but not the interface that KOS provides EOS. A given EOS can therefore 
run on more than one embodiment of CS 10110. 

— A drvided operating system is more secure than a single operating system. Physical access to JP 101 14 
is provided solely by KOS, and consequentiy, KOS can ensure that users manipulate only those 
resources to which they have access rights. 

All CSs 10110 will have the virtual resources defined by KOS, while the resources defined by EOS will 
vary from one CS 10110 to anotiterand even within a single CS 10110. Consequentiy, the remainder of the 
discussion will concern itself with KOS. 

The relationship between tiie KOS and the rest of CS 10110 is governed by four principles: 

— Only the KOS has access to the resources it controls. User calls to EOS may result in EOS calls to KOS, 
and S-ianguage SlMs may result in invocations of KOS microcode routines, but neither EOS nor user 
programs may directly manipulate resources comrolled by KOS. 

— The KOS is passive. It responds to calls from the EOS, to microcode invocations, and to Event Signals, 
but it initiate no action on Its own. 
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— The KOS is invisible to alt system users but the EOS. KOS does not affect the logical behavior of a 
Process 610 and is noticeable to users only with regard to the speed vwth which a Process 610 executes 
on CS 10110. 

As discussed above, KOS nnanages both physical and virtual resources. The physical resources and 
* some of the virtual resources are visible only within KOS; others of the virtual resources are provided to 
EOS. Each virtual resource has two main parts: a set of data bases that contain the virtual resource's state, 
and a set of routines that manipulate the virtual resource. The set of routines for a virtual resource are 
termed the resource's manager. The routines may be KOS Procedures 40308, or they may be KOS 
Microcode 40313. As mentioned, in some cases. KOS uses separate Processes 610 to manage the 
resources. 

For the purposes of this specification, the resources managed by KOS fall into two main groups: those 
associated with objects, and those associated with. Processes 610. In the following, first those resources 
associated wwth objects, and then those associated with Processes 610 are discussed. 

B. Objects and Object Management |Rg. 404) 

The virtual resources termed objects are defined by KOS and manipulated by EOS .ar>d KOS. Objects as 
seen by EOS have five properties: 

— A single UID that identifies the object throughout the object's life and specifies what Logical Allocation 
Unit (lAU) the object belongs to. 

— A set of attributes that describe the object and limit access to it. 

— Bit-addressable contents. I the present embodiment, the contents may range from 0 to <2**32) — 1 bits 
In length. Any bit in the contents may be addressed by an offset 

— Objects may be created. 

— Objects may be destroyed. 

^ All of the data and Procedures 602 in a CS 101 10 are contained in objects. Any process 610 executing 
on a CS 101 1 0 may use a UID-off set address to attempt to access data or Procedures 602 in certain objects 
on any CS 101 1 0 accessible to the CS 101 10 on which Process 610 is executing. The objects which may be 
thus accessed by any Process 610 are those having UlDs which are guaranteed unique for all present and 
future CS 10110. Objects vnrh such unique 0\0s thus form a str>gle address space ytthtch is at least 

30 potentially accessible to any process 610 executing on any CS 10110. As will be explained in detail later, 
whether a Process 610 can in fact access an object in this single address space depends on wheth^ Process 
610 has acc^ rights to the object Other objects, whose UIDs are not unique, may be accessed only by 
Processes 610 executing on CSs 10110 or groups of CSs 10110 for which the nonninique UID is in fact 
unique. No two objects accessible to a CS 10110 at a given time may have identical UIDs. 

3S The following discussion of objects will first deal with objects as they are seen directly by EOS atni 
indirectly by user programs, and then deal with objects as they appear to KOS. 

Rgure 404 illustrates how objects appear to EOS. The object has three parts: the UID 40401, the 
Attributes 40404, and the Contents* 40406. The object's contents reside in a Logical Allocation Unit (LAU}, 
40405. UID 40401 has two parts: a LAU Identifier (LAUID) 40402 ttiat indicate what LAU 40405 the object is 

^ on, and the Object Serial Number (OSN) 40403, which specifies the object in LAU 40405. 

The EOS can create an object on a LAU 40405, and given the object's UID 40401 , can destroy the object 
In addition, EOS can read and change an object's Attributes 40404. Any Process 610 executing on a CS 
10110 may reference information In an object by specifying tte objert's UID 40401 and the bit in the object 
at which the information begins. At the highest level, addresses in CS 10110 thus consist of a UID 40401 

^ specifying an object and an offset specif^ng the number of bits into the object at which the information 
begins. As will be explained in detail below, KOS translates such UID-offset addresses Into Intermediate 
forms called AON-of^et addresses for use in JP 10114 and into page number-displacement addresses for 
use in referencing information which has been copied into MEM 10112. 

The physical Implementation and manipulation of objects Is restricted solely to KOS. For instance, 

so objects and their attributes are in fact stored in Secondary Storage 10124. When a program references a 
portion of an object, KOS copies that portion of the object from Secondary Storage 10124 into MEM 10112, 
and if the portion in MEM 10112 is changed, updates the copy of the objett in Secondary Storage 10124. 
EOS and user programs cannot control the location of an object in S^ondary Storage 10124 or the location 
of the copy of a portion of an object in MEM 10112, and therefore can access the object only by means of 

ss KOS, 

While EOS cannot control the physical implementation of an object it can provide KOS with 
information that allows KOS to manage objects more effectively. Such infonnation is termed hints. For 
instance, KOS generally copies a portion of an object into MEM 10112 only if a Process 610 references 
Information in the object However, EOS schedules Process 610 execution, and therefore can predict that 
GO certain objects will be required in the near future. EOS can pass this information on to KOS, and KOS can 
use the information to decide what portions of objans to copy into MEM 101 12. 

a Objects and User Programs (fig, 405) 

As stated above, user programs manipulate objects, but the objects are generally not directly visible to 
65 user programs. Instead, user programs use symbols such as variable names or other references to refer to 
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data stored in objects or file names to refer to the objects thennselves. The discussion of Namespace has 
already iliustrated how CS 10110 compilers translate variable names appearing in statentents in 
Procedures &32 into Wames, i.e., indexes of IMTEs 30401. how Name Resolve microcode resolves NTt 30401 
into Logical Descriptors 27116, and how ATU 10228 translates Logical Descriptors 27116 into locations in 
s MEM 10112 containing copies of the portior»s of the objects in which the data represented by the variables 
resides. 

The translation of filename to UIDs 40401 is accomplished by EOS. EOS maintains a filename 
translation table which establishes a relationship between a system filenanie called e pathname and the 
UID 40401 of the object containing the file's data, and thereby associates ^e pathname with the object A 

10 Pathname is a sequence of ASCII characters which identifies a file to a user of CS 1 01 10. Each pathname in 
a gwen CS 101 10 must be unique. Rgure 405 shows the filename translation tat>le. Referring to that figure, 
when a user gives pathname 40501 to the EOS, EOS uses Filename Translation Table 40503 to translate 
pathname 40501 into UID 40401 for object 40504 containing the file. An object in CS 10110 may thus be 
identified in two ways: by means of its UID 40401 or by means of a Pathname 40501 . While an object has 

15 only a single UID 40401 throughout its life, the object may have many Pathnames 40501 . All that is required 
to change an object's pathname 40501 is the substitution of one Pathname 40501 for another in the object's 
Entry 40502 in RIename Translation Table 40503. One consequence of the fact that an object may have 
different Pathnames 40501 during its life is that v*rfien a program uses a Pathname 40501 to identify an 
object, a user of CS 10110 may make the program process a different object simply by giving the object 

20 which formerly had Pathname 40501 which appears in the program a new Pathname 40501 and giving the 
next object to be processed the Pathname 40501 which appears in the program. 

In the present embodiment, an object may contain only a single file, and consequently, a Pathname 
40501 always refers to an entire object In other embodiments, a Pathname 40501 may referto a portion of 
an object, and in such embodiments. RIename Translation Table 40503 will associate a Pathname 40501 

25 with a UID-offset address specifying the beginning of the file. 



UIDs 40401 may identify objecU and other entities in CS 101 10. Any entity identified by a UID 40401 has 
only a single UID tt^roughout its life. Rgure 4(ffi is a detailed representation of a CS 101 10 UID 40401. UID 

30 40401 is 80 bits long, and has two fields. Reld 40402, 32 bits long, is the Logics Allocation Unit Identifier 
(LAUID). It specifies LAU 404(K containing the object LAUID 40402 is further subd'nrided Into two subfields: 
LAU Group Number (LAUGN) 40607 and LAU Serial Number (LAUSN) 40605. LAUGN 40607 spedfies a 
group of LAUs 40405, and LAUSN 4<»05 specifies a LAU 40405 in that group. Purchasers of CS 1 01 10 may 
obtain LAUGNs 40«)7 from the manufacturer. The manufacturer guarantees that he v«ll assign LAUGN 

35 40057 given the purchaser to no other CS 101 10, and thus these LAUGNs 40607 may be used to form UIDs 
40401 which will be unique for all CSs 10110. Reld 40604, 48 bits long, Is the Object Serial Number (OSN). it 
specifies the ol^ect in LAU 40405. 

UIDs 40401 are generated by KOS Procedure 602. 

There are two such procedures 602, one which generates UIDs 40401 which identify objects, and 

40 another whldh generate UIDs 40401 which identify other entities in CS 101 10, The fonner Procedure 602 is 
called Generate Object UID, and the latter Generate Non-object UID. The Generate Object UID Procedure 
602 is called only by the KOS Create Object Procedure 602. Create Object Procedure 602 provides Generate 
Object UID Procedure 602 with a LAUID 40402^ and Generate Object UID Procedure 602 returns a UID 40401 
for the object In the present embodiment UID 40401 is fornied by taking the current value of the 

45 architectural dock, contained in a location in MEM 10112, forming an OSN 40403 from tiie architectural 
clock's current value, and concatenating OSN 40403 to LAUID 4040Z 

Generate Non-object UID Procedure 602 may be invoked by EOS to provide a UID 40401 which does 
not specify an object Non-object UIDs 40401 may be used in CS 101 10 virtierever a unique label is required. 
For example, as will be explained in deUil later, all Virtual processors 612 which are available to CS 101 10 

so have non-object UIDs 40401. All such non-object UIDs 40401 have a single LAUSN 40607, and thus, EOS 
n^d only provide a LAUGN 40605 as an argument Generate Non-object UID Procedure 602 concatenates 
LAUGN 40605 with the special LAUSN 40607, and LAUID 40402 thus produced with an OSN 40403 obtained 
from the architectural clock. In other embodiments, OSNs 40403 for both object and non-object UIDs 40401 
may be generated by other nroans, such as counters. 

55 CS 10110 also has a special UID 40401 called the Null UID 40401. The Null UID40401 contains notiimg 

but 0 bits, and is used in situations v^rhich require a UID value which cannot represent an entity in CS 101 1 0. 



a Object Attributes 

What a program can do wrth an object is detennined by the object's Attnbutes 40404. There are two 
kinds of Attributes 40404: Object Attributes and Control Attributes. Object Attributes describe the object's 
contents; Control Attributes control access to the object Objects may have Attribute 40404 even though 
they have no Contents 40406, and in some cases, objects may even exist solely for their Attributes 40404. 

For the purposes of this discussion, there are two kinds of Object Attributes: the Size Attribute and the 

Type Attribute ^ - ^ 

An object's Size Attribute indicates the number of bits that the object cun^ntiy contains. On each 
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reference to an object's Contents 40406, KOS checks to make sure that the data accessed does not extend 
beyond the end of the object If It does, the referBnce is aborted. 

The Type Attributes indicate what kind of Information the object contains and how that information 
may be used. There are three categories of Type Attribute; the Primitive Type Attributes, the Extended 
Type Attribute, and the Domain of Execution attribute. An object's Primitive Type Attribute indicates 
whether the object is a data object, a Procedure Object 608, an Extended Type Manager, or an S-interpreter. 
As their names Imply, data objects contain data and Procedure Objeos 608 contain Procedures 602. 
Extended Type Managers (ETMs) are a special type of Procedure Object 608 whose Procedures 608 may 
perform operations solely on objects called Extended Type Objects. Extended Type Objects (ETOs) are 
objects which have an Extended Type Attribute in addition to their Primitive Type Attribute; for details, see 
the discussion of the Extended Type Attribute below. S-interpreters are objects that contain interpreters for 
S-languages. In the present embodiment, the interpreters cor\sist of dispatch tables and microcode, but in 
other embodiments, the interpreters may themselves be written in high-level languages. Like the Length 
Attribute, the Primithre Type Attributes allow KOS to ensure that a program is using an object correctly. For 
instance, when the KOS executes a call for a Procedure G02 it checks whether the object specified by the call 
is a Procedure Object 608. If it is not the call fails. 



d. Attributes and Access Control 

The remaining Object Attributes and the Comrol Attributes are all part of CS 10110's Access Control 

^ System. The Access Control System is discussed in detail later; here, it is dealt with only to the extent 
required for the discussion of objects. In CS 10110, an access of an object occurs when a Process 610 
fetches SI Ms contained in a Procedure Object 608, reads data from an object, writes data to an object or in 
some cases, when Process 610 transfers control to a Procedure 602. The Access Control System checks 
whether a Process 610 has the right to perform the access it is attempting. There are two lands of acc^ in 

^ CS 10110, Primitive Acxess and Extended Access. Primitive Access is access which the Access Control 
System checks on every reference to an object by a Process 610; Extended Access is excess iSnat is checked 
only on user request Primitive access checks are performed on every object extended access checks may 
be performed only on ETOs, and may be performed only by Procedures 602 contained in ETMs. 

The means by which the Access Control System checks a Process 61 0's access to an object are Process 

^ 610's subject and the objects Access Control Lists (ACLs). Each Process 610 has a subject made up of four 
UiOs 40401. These UIDs 40401 spedfy the following: 

— The user for whom Process 610 was created. This UID 40401 is termed the principal component of the 
subject 

— Process 610 itself. This UID 40401 is temr^ed the process component 

3S — The domain In which Process 610 currently executing. This UID 40401 is termed the domain 
component 

— A user-defined subgroup of subjects. This UID 40401 is termed the tag component 

A domain is a group of objects which may pot^tiatly be accessed by any Process 610 which is 
executing a Procedure 602 in one of a group of Procedure Objects 608 or ETMs, Each Procedure Object 608 
or ETM has a Domain of Execution (DOE) Attribute. This attribute is a UID 40401, and while a Process 610 is 
executing a Procedure 602 In that Procedure Object 608 or ETM, the DOE attribute UID 40401 is the domain 
component in Process 61 0's subject. The DOE attribute thus defines a group of objects which may be 
accessed by a Process 610 executing Procedures ^2 from Procedure Object 608. The group of objects is 
called Procedure Object eOS's domain. As may be seen from the above definition, a subject's domain 

^ component may change on any call to or return from a Procedure 602. The tag componem may change 
whenever the user desires. The principal component and the process component on the other hand, do not 
change for the life of Process 610. 

The ACLs which make up the other half of the Access Control System are attributes of objects. Each 
ACL consists of a series of Entries (ACLE), and each ACLE has two parts: a Subject T^plate and a set of 

so Access Privileges. The Subject Template defines a group of subjects, and the set of Access Privileges define 
the kinds of access that subjects belonging to the group have to the object To check whether an access to 
an object is legal, the KOS examines the ACts. It allows access only if it finds an ACLE whose Subject 
Template matches the current subject of Process 610 which wishes to make the access and whose set of 
Access Privileges includes the kind of access desired by Process 610. For example, a Procedure Object GQS 

s$ may have an AD. wrth two entries: one whose Subject Template allows any subject access, and whose set 
of Access Privileges allows only Execute Access, and another whose Subject Template allows only a single 
subject access and whose set of Access Privileges allows Read, Write, and Execute Access. Such an ACL 
allows any user of CS 10110 to execute the Procedures 602 in Procedure Object 608, but only a specified 
Process 610 belonging to a specified user and executing a specified group of Procedures 602 may examine 

€0 or modify the Procedure 602 in the Procedure Object 608. 

There are two kinds of ACLs. All objects have Primitive Access Control Usis (PACLs); ETOs may in 
addition have Extended Access Control Lists (EACLs). The subject portion of the ACLE is the same in all 
ACLs; the two kinds of list differ in the kinds of access they control. The access controlled by the PACL is 
defined by KOS and is checked by KOS on every attempt to gain such access; the access controlled by the 

65 EACL is defined by the user and is checked only vtrfien the user requests KOS to do so. 
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e. Implementation of Objects 

1. Introduction (Fig. 407, 408) . . ^ -u . 

The user of a CS 10110 need only concern himself with objects as they have just been descnbed. in 
order for a Proems 610 to reference an object, the object's LAU 40405 must be accessible from CS 10110 
s upon which Process 610 is running, Process 610 must know the object's UID 40401, and Process 610's 
current subject must have the right to access the object in the desired manner. Process 610 need know 
neither how the object's Contents 40406 and Attributes 40404 are stored on CS 1 0il 0*8 physical devices nor 
the methods CS 1 01 10 uses to make the object's Contents 40408 and Attributes 40404 available to Process 
610. 

10 The KOS, on the other hand, must implement objects on the physical devices that make up CS 101 10, In 

so doing, it must take into account two sets of physical limitations: 

— In logical terms, all CSs 10110 have a single logical memory, but the physical impJementation of 
memory in the system is hierarchical: a given CS 10110 has rapid access to a relatively small MEM 
10112, much slower access to a relatively large amount of slow Secondary Storage 10124, and very 

75 slow access to LAUs 40405 on other accessible CSs 1011 0. 

-- UIDs 40401, and even more, subjects, are too large to be handled efficiently on JP 1 01 14's imernal data 
paths and in JP10114's registers. 

The means by which the KOS overcomes these physical limrtations will vary from embodiment to 
embodiment. Here, there are presented first an overview and then a detailed discussion of the means used 

20 in the present emtjodiment * . -ru 

The physical limitations of the memory are overcome by means of a Virtual Memory system. TTie 
Virtual Memory System creates a one-level logical memory by automatically bringing copies of those 
portions of objects required by executing Processes 610 Into MEM 10112 and automatically copymg altered 
portions of objects from MEM 10112 back to Secondary Storage 10124. Objects thus reside pnmanly in 

2s Secondary Storage 10124, but copies of portions of tiiem are made available in MEM 101 12 when a Process 
610 makes a reference to them. Besides bringing portions of objects Into MEM 10112, when required, the 
Virtual Memory System keeps track of where in MEM 101 12 the portions are kwated, and when a Process 
610 references a portion of an object that is in MEM 10112, the Virtual Memory System translates the 
reference into a physical location in MEM 10112. 

30 JP I0114*s need for smaller object identifiers and subject identifiers is satisfied by the use of mternal 

identifiers called Acdve Object Numbers (AONs) and Active Subject Numbers (ASNsJ inside JP 10114, Each 
time a UID 40401 is moved from MEM 10112 into JP 101 14's registers, it is translated into an AON, and the 
reverse translation takes place each time an AON is moved from a JP 10114*6 registers to MEM 10112. 
Similarty, the current subjects of Processes 610 whirfi are bound to Virtual Processors 612 are translated 

as from four UIDs 40401 Into small Integer ASNs, and when Virtual Proctor 612 is bound to JP 10114, the 
ASN forthe subject belonging to Virtual Processor 612's process 610 is placed in a JP 10114 register. The 
translations from UID 40401 to AON and vice-versa, and from subject to ASN are performed by KOS. 

When KOS translates UIDs 40401 to AONs and vic^-versa, it uses AOT 10712. An AOT 10712 Entry 
(AOTE) for an object contains the object's UID 40401, and the AOTE's index in AOT 10712 is that object's 

40 AON. Thus, given an object's AON, KOS can use AOT 10712 to determine the object's UID 40401 , and given 
an obect's UID 40401 , KOS can use AOT 10712 to determine the object's AON. If the object has not been 
referenced recently, there may be no AOTE for the object and thus no AON for the object's UID 40401. 
Objects that have no AONs are called inactive objects, H an attempt to corivert a UID 40401 to an AON 
reveals that the object is inactive, an Inactive Object Fault results and KOS must activate the object that is, 

45 it must assign the object an AON and make an AOTE for it 

KOS uses AST 10914 to tran^ate subjects Into ASN's. When a Process 610's subject changes, AST 
1TO14 provides Process 610 with the new subject's ASN. A subject may presentiy have no ASN associated 
with it Such subjects are termed inactive aibjects. If a subject is inactive, an attempt to translate the subject 
to an ASN causes KOS to activate tiie subject, that is, to assign the subject an ASN and make an entry for 

50 the subject in AST 10914. 

In order to achieve efficient execution of programs by Processes 610, KOS accelerates mformatton that 
is frequentiy used by executing processes 610. There are two stages of acceleration: 

— Tables that comain the information are wired into MEM 10112, that is, the Virtual Memory System 
never uses MEM 10112 space reserved for the tables for other purposes, 

ss Special hardware devices in JP 101 14 contain portions of the information in the tables. 

MHT 10716, AOT 10712, and AST 1(S14 are examples of the first stage of acceleration. As previously 
mentioned, these tables are ahvays present in MEM 10112. Address Translation Unit {ATU) 10228 is an 
example of the second stage. As previously e)q>iained, ATU 10228 is a hardware cache that contains copies 
of the most recentiy used MHT 10716 entries. Uke MHT 10716. it translates AON offset addresses into the 

60 MEM 101 1 2 locations that contain copies of the data that the UIDKjffset address corresponding to the AON- 
offset address refers to ATU 10228 is maintained by KOS Logical Address Translation (LAT) microcode. 

Figure 407 shows the relationship between ATU 10228, MEM 10112, MHT 10716, and KOS LAT 
microcode 40704. When JP 1 01 14 makes a memory reference, it passes AON-offset Address 40705 to ATU 
10228. If ATU 10228 contains a copy of MHT 10716's entry for Address 407(», it immediately produces the 

65 corresponding MEM 10112 Address 40706 and transmits the address to MEM 10112, If there is no copy. 
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ATU 10228 produces an ATU Miss Event Signal which invokes LAT microcode 40704 in JP 10114. LAT 
microcode 40704 obtains the WIHT entry that corresponds to the AON-offset address from MKT 10716, 
places the entry in ATU 10228, and returns* JP 1 01 14 then repeats the reference. This time, there is an entry 
for the reference, and ATU 10228 translates the AON address into the address of the copy of the data 

s contained in MEM 1011^ 

The relationship between KOS table, hardware cache, and microcode just described is typical for the 
present embodlnnent of CS 101 10. The table (in this case, MHT 10716), is the primary source of information 
and is maintained by the Virtual Memory Manager Process, while the cache accelerates portions of the 
table and is maintained by KOS microcode that Is invoked by event signals from the cache. 

10^ AOT 10712, AST 10914, and MHT 10716 share another diaracteristic that is typical of ttxe present 
embodiment of CS 101 10: the tables are constructed in such a fashion that the table entry that performs the 
desired translation is located by means of a hash function and a hash table. The hash function translates 
the large UID 40401, subject or AON into a small imeger. This integer is the index of an entry in the hash 
table. Thex:ontents of the hash table entry is an index into AOT 10712, AST 10914^ or MHT 10716, as the 

IS case may be, and these tables are maintained in such a fashion that the entry corresponding to the index 
provided by the hash table is either the entry that can perform the desired translation or contains 
information that allows KOS to find the desired entry. The entries in the tables furthermore contain the 
values they translate. Consequently, KOS can hash the value, find the entry, and then check whether the 
entry is the one for the hashed value. If ft is not, KOS can quickly go from the entry located by the hash table 

20 to the correct entry. 

Rgure 408 shows how hashing works in AST 10914 In the present embodiment In the present 
embodiment Subject 40801, i.e., the principal, process, and domain components of the current subject, are 
input into Hash Binction 40802. Hash function 40802 produces the index of an entry in ASTHT 10710. 
ASTHT Entry 4<»04 in turn contains the index of an Entry <ASTE) 40808 in AST 10914 These ASTE 40806 

25 indexes are ASNs. ASTE 40806 contains the principal, process, and domain components of some subject 
and a link field pointing to ASTE 40806'. ASTE 40806' has 0 in its link field, which indicates that it is the last 
link In the chain of ASTES begining with ASTE 4080a If the hashing of a subject yields ASTE 40806, KOS 
compares the subject in ASTE 40806 with the hashed subject; if they are identical, ASTE 40806's index in 
AST 10914 is the subject's ASN. If they are not identical, KOS uses the link in ASTE 40806 to find ASTE 

30 40^)6'. It compares the subject in ASTE 40806* with the hashed subject; rf they are identical, ASTE 40806"s 
AST Index is the subj^'s ASN; otherwse, ASTE 40806* is the last entry in the chain, and consequently, 
there is no ASTE 40806 and no ASN for the hashed subject 

In the following, we will discuss the implementation of objects in the present embodiment in detail, 
beginning with the implementation of objects in Secondary Storage 10124 and proceeding then to CS 

35 101 10*s Active Object Management System, the Access Control System, and the Virtual Memory System. 

2. Objects in Secondary Storage 10124 (Figs. 409, 410) 

As described above, objects are collected into LAUs 40405. The objects belonging to a lAU 40405 are 
stored in SecorKiary Storage 10124. Each LAU 40405 contains an object whose contents are a table called 

40 the Logical Allocation Unit Directory (LAUD). As its name implieSr the LAUD Is a directory of the objects in 
LAU 40405. Each object in LAU 404CS, including the object confining the LAUD, has an entry in the LAUD. 
Figure 409 shows the relationship between Secondary Storage 10124, LAU 40405, the LAUD, and objects. 
LAU 40405 re^des on a number of Storage Devices 40904. LAUD Object 40S02' in LAU 40405 contains 
LAUD 40903. Tvra LAUDEs 40906 are shown. One contains the attributes of LAUD Object 40902 and the 

45 location of Its contents, and the other contains the attributes of LAUD Object 40902' containing LAUD 40903 
and the location of its contents. 

KOS uses a table called the Acth^ LAU Table <ALAUT} to locate the LAUD belonging to LAU 40405. 
Figure 410 illustrates the relationship between ALAUT41 001 , ALAUT Entries 41 002, LAUs 40405, and LAUD 
Objects 40902'. Each LAU 40405 accessible to CS 10110 has an Entry (ALAUTE) 41002 in ALAUT 41001. 

so ALAUTE 41002 for LAU 40405 includes LAU 40405*s LAUID 40402 and UID 40401 of LAU 407O5's LAUD 
Object 40902'. Hence, given an object's UID 40401, KOS can use UID 40401's LAUID 40402 to locate 
ALAUTE 41002 for the object's LAU 40405, and can use ALAUTE 41002 to locate LAU 40405's LAUD 40903. 
Once LAUD 4C803 has b^n found, OSN portion 40402 of the object's UID 40401 provides the proper 
LAUDE 40906, and LAUDE 40906 contains object's attributes and the location of its contents. 

55 LAUD 40903 and the Procedures 602 that manipulate it belong to a part of KOS termed the Inactive 

Object Manager. The following discus»on of the Inactive Objea Manager will begin with the manner in 
which an object's contents are represented on Secondary Storage 10124, will then discuss LAUD 40903 in 
detail, and conclude by discussing the operations performed by Inactive Object Manager Procedures 602. 

^ a.a. Representation of an Object's Contents on Secondary Storage 10124 

In general, the manner in which an object's contents are represented on Secondary Storage 10124 
depends completely on the Secondary Storage 10124. If a LAU 40405 is made up of disks, then the object's 
contents will be stored in disk blocks. As long as KOS can locate the object's contents, it makes no 
difference whether the storage is contiguous or non-contiguous. 

65 In the present embodiment, the objects' contents are stored in files created by the Data General 
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Advance Operating System (AOS) procedures executing on lOS 101 16 These procedures manage files that 
contain objects' contents for KOS. In future CSs 10110. the representation of an object's contents on 
Secondary Storage 10124 will be managed by a portion of KOS. 

5 • b.b. LAUD 40903 (fig. 411, 412) ^ ...,r.u ^ 

Rgure 411 is a conceptual illustration of LAUD 40903. LAUD 40903 has three parts: LAUD Header 
41102; Master Directory 41105, and LAUD Entries (LAUDEs) 40906. LAUD Header 41102 and Master 
Directory 41 105 occupy fixed locations in LAUD 40903, and can therefore always be located from the UID 
40401 of LAUD 40903 given in ALAUT 41001 . The locations of LAUDEs 40906 are not fixed, but the entry for 

10 an individual object can be located from Master Directory 41 105. 

Turning first to LAUD Header 41102. LAUD Header 41102 contains LAUID 40402 belonging to LAU 
40405 to which LAUD 40903 belongs and OSN 40403 of LAUD 40903. As will be explained in greater detail 
below, KOS can use OSN 40403 to find LAUDE 40306 for LAUD 40903, 

Tuming now to Master Directory 41105, Master Directory 41 105 translates an object's OSN 40403 into 

« the location of the object's LAUDE 40906. Master Directory 41 105 contains one Entry 41 108 for each object 
in LAU 40505 Each Entry has two fields: OSN Field 41 1 06 and Offset Field 41 1 07. OSN Reld 41 1 06 contains 
OSN 40403 for the object to which Entry 41108 belongs; Offset Field 41107 contains the offset of the 
object's LAUDE 40906 in LAUD 40903, KOS orders Entries 41108 by increasing OSN 40403, and can 
therefore use binary search means to find Entry 41 1(» containing a given OSN 40403. Once Entry 41108 has 

20 been located. Entry 41108's Offset Field 41107, combined with LAUD 4(»03's OSN 40403, yields the UID 
offeet address of the object's LAUDE 40906, ^ ^ 

Once KOS knows the location of LAUDE 40906 it can determine an object's Attnbutes 40404 and the 
- location of its Contents 40406. Rgure 411 gives only an overview of lAUDE 40906's general structure. 
LAUDE 40906 has three components: a group of fields of fixed size 41 109 that are present in every LAUDE 

26 40B(i6, and two variable sized components, one, 41 139, containing entries bdonging to the ot>jecf s PACL, 
and another, 41 141, containing the ol^ect's EACL ^ 
As the preceding descriptions of the LAUD's components Imply, the number of LAUDEs 40906 and 
Master Directory Entries 41 108 varies with the number of objects in LAU 40405. Furthermore, the amount of 
space required for an object's EACL and PACL varies from object to object KOS deals with this problem by 

30 Including Free Space 41123 in each LAUD 40903. When an object is created, or when an object's ACLs are 
expanded, the Inactive Object Manager expands LAUD 40903 only If there is no available Free Space 41 123; 
if th ere is Free Space 41 1 23, the Inactive Object Manager takes the necessary space from Free Space 41 1 23; 
when an object is deleted or an objects ACLs shortened, the Inactive Object Manager returns the unneeded 
space to Free Space 41123. x 

35 figure 412 is a detailed representation of a single LAUDE 4090a Rgure 412 presents those fields of 
LAUDE 40906 which are common to all embodiments of CS 10110; fields which may vary from 
embodrmwrt to embodiment are ignored. Starting at the top of Figure 412, Stnicture Version Held 41209 
contains information by which KOS can determine which version of LAUDE 40906 it Is dealing with. Size 
Reld 41211 contains the Size Attribute of the oyect to which LAUDE 40306 belongs. The Size Attribute 

40 specifies the number of bits currently contained in the object Lock Reld 41213 is a KOS lock. As will be 
explained in detail fn the discussion of Processes 610, Lock Reld 41213 allows only one Process 610 to read 
or write LAUDE 40906 at a time, and therefore keeps one Process 610 from altering LAUDE 40906 while 
another Process 610 is reading LAUDE 40^. File Identifier 4121 5 contains a system identifier for the file 
which contSHns the Contents 40406 of the object to which LAUDE 40906 belongs. The form of RIe Identifier 
45 41215 may vary from embodiment to embodiment; in the present embodiment, it is an AOS system file 
identifier. UID R^d 41217 contains UID 40401 belonging to LAUDE 40a)6's object Primitive Type Field 
41219 contains a value which specifies the object's Primitwe Type. The object may be a data object, a 
Procedure Object 608, an ETM, or an S-irrterpreter object AON field 41 221 contains a valid value only when 
LAUDE 40906's object is active, i.e., has an entry in AOT 10712. AON field 41221 tfien contains the otHect's 
so AON, tftiie object is an ETO, Extended Type Attribute Reld 41223 contains the UID 40401 of the ETO's ETM. 
Otherwise, it contains a Null UID 40401. SI milariy, if the object is a Procedure Object 608 or an ETM, Domain 
of Execution Attribute field 41225 contains the object's Domain of Execution Attribute, 

The remaining parts of LAUDE 409(» belong to the Access Control System and will be explained in 
detail in that discussion. Attribute Version Number field 41227 contains a value indicating which version of 
^ ACLEs this LAUDE 40306 contains, PACL Size Field 41229 and EACL Size field 41231 contain die sizes of the 
respective ACLs. PACL Offset Reld 41233 and EACL Offset Reld 41235 contain the offsets in LAUD 40903 of 
additional PACLEs 41139 and EACLEs 41141, and fixed PACLEs 41237 contains the portion of the PACL 
which is ahArays included In LAUDE 40906, 



60 3, Active Objects <fig. 413) . ^ . . u . . *u 

An active object is an object whose UID 40401 has an AON associated with it In the present 
embodiment ea:h CS 10110 has a set of AONs' KOS associates these AONs with UlDs 40401 in such 
fashion that at any given moment an AON in a CS 10110 represents a single UID 40401. Inside FU 10120. 
AONs are used to represent UIDs CS 101 10. In the pr^ent embodiment the AON is represented by 14 bits. 

es A 1 12-bit UID-offset address (80 bits for UID 40401 and 32 for the offset) is thus represented inside FU 101 20 
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by a 46-brt AON-offset address (14 bits for the AON and 32 bits for the offset). 

A CS 101 10 has far fewer AONs than there are UIDs 40401 . KOS multiplexes a CS 101 10's AONs among 
those objects that are being referenced by CS 10110 and therefore require AONs as well as UIDs 40401. 
While a given AON represents only a strigle DID 40401 at any given time, at different times, a UIO 40401 
may have different AONs associated with it 

Figure 413 provides a conceptual representation of the relationship between AONs and UIDs 40401. 
Each CS 101 10 has potential access to 2**80 UIDs 40401 . Some of these UIDs, however, represent entities 
other than objects, and others are never associated with any entity. Each CS 1 01 10 also has a set of AONs 
41303 available to it In the present embodiment, this set may have up to 2**14 values. Since the AONS are 
only used internally, each CS 101 10 may have the same set of AONs 41303. Any AON 41304 in set of AONs 

41303 may be associated with a single U)D 40401 in set of object UIDs 41301. At different times, an AON 

41304 may be associated v^^th different UfDs 40401. 

As mentioned above, KOS associates AONs 41304 with UIDs 40401. It does so by means of AOT 10712. 
Each AOT entry {AOTE) 41306 in AOT 10712 associates a UID 40401 with an AON 41304, AON 41304 is the 
Index of AOTE 41306 which contains UID 40401. Until AOTE 41306 is changed, the AON 41304 which is the 
index of AOTE 41306 containing UID 40401 represents UID 40401 . AOT 10712 also allows UIDs 40401 to be^ 
translated into AONs 41303 and vice-versa. Rgure 413 illustrates the process for UID-offset Address 41308* 
and AOI>^offset Address 41309. AOTE 41306 associates AON 41304 In AON-offset Address 41309 with UID 
40401 in UID-offset Address 41306* and Addresses 41308 and 41309 have the same Offset 41307. 
Consequently, AON-offset Address 41309 represents UIDH:>ffset Address 41308 irtside JP 10114. Since both 
addresses use the same O^^ Address 413(3 can be translated Into address 41308 by translating Address 
41309's AON 41304 into Address 41308*8 UID 40401, and Address 41308 can be translated into Address 
41 309 by the reverse process. In both cases, the translation is performed by finding the proper AOTE 41 306. 

The process by which an object becomes active is called object activation. A UID^ffset Address 41 ^ 
cannot be translated into an AON-offeet Address 41309 unless the object to which UID 40401 of UID-offset 
Address 41308 belongs Is active tf a Process 610 attempts to perform such a translation using a UID 40401 
belonging to an inactive object an inactive Object Fault occurs. KOS handles the fault by removing Process 
610 that attempted the translation from JP 10114 until a special KOS Process called the Object Manager 
Process has activated the oi>iect. After the object has been activated. Process 610 may netum to JP 101 14 
and complete the UID 40401 to AON 41304 translation. 

The portion of KOS that manages active objects is called the Active Object Manager (ADM). Parts of the 
AOM are Procedures ^2, and parts of it are microcode routines. The high^evel language components of 
the AOM may be invoked only by KOS processes 610. KOS Active Object Manager Process 610 performs 
most of the functions involved in active object management 

3.a. UID 40401 to AON 41304 Translation 
Generally speaking, in CS 10110, addresses stored In MEM 10112 and Secondary Memory 10124 are 
stored as UID offset addresses. The only form of address that FU 10120 can translate into a location in MEM 
10112 is the AON-offset form. Consequently, each time an address is loaded from MEM 10112 into a FU 
10120 register, the address must be translated from a UID-offset address to an AON-offset addr^s. The 
reverse translation must be performed each time an address is moved from a FU 10120 register back into 
memory. 

Such translations may occur at any tima For example, a running Virtual Processor 612 performs such ia 
translation when the Process 610 being executed by Virtual Processor 612 carries out an indirect memory 
reference. An Indirect memory reference is a reference which first fetches a pointer, that is, a data item 
whose value is the address of another data item, and then uses the address contained in the pointer to fetch 
the data itself. In CS 10110, pointers represent UID-offset addresses. Virtual Processor 612 performs the 
indirect memory reference by fetching ^e pointer from MEM 10112, placing It in FU 10120 registers, 
translating UfD 40401 represented by the pointer into AON 41304 associated with it and using the resulting 
AON-offset address to access the data at the location specified by the address. 

Most such translations, however, occur when Virtual Processor 612 state is saved or restored. For 
instance, when one Process 610's Virtual Processor 612 is removed from JP 10114 and another Process 
610's Virtual Processor 612 is bound to JP 101 14, ^e state of Virtual Processor 612 being removed from JP 
101 14 is stored in memory, and the state of Virtual Processor 612 bang bound to JP 101 14 is moved into JP 
10114's registers. Because only UID-offset addresses may be stored in memory, all of the AON-offset 
addresses in the state of Virtual Processor 612 which is being removed from JP 10114 must be translated 
into UID-offset addresses. Similarly, all of the UID-offset addresses in the state of Virtual Processor 612 
being bound to JP 10114 must be translated into AON-offset addresses before they can be loaded Into FU 
10120 registers. 

C The Access Contrcrf System 

As mentioned in the introduction to objects, each time a process 610 accesses data or SINs in an object, 
the KOS Access Control System checks whether Process 610's current subject has the right to perform the 
kind of access that Process 610 is attempting. If Process 610's current subject does not have the proper 
access, the Access Control System aborts the memory operation which Process 610 was attempting to 
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carry out. The following discussion presents details of the impleinentation of the Access Control System, 
beginning with subjects, then proceeding to subject templates, and finally to the means used by KOS to 
accelerate access checking. 

^ a. Subjects 

A Process 610*8 sufc^ect is part of process 610's state and is contained along with other state belonging 
to Process 610 in an object called a Process Object Process Obj^ts are dealt with at length in the detailed 
discussion of Processes 610 which follows the discussion of objects. While a subject has, as mentioned 
above, four components, the principal component, the process component, the domain component, and 

^0 the tag component the Access Control System in the present embodiment of CS 101 10 assigns values to 
only the first three components and ignores the tag component when checking access. 

In the present embodiment, the UIDs 40401 which make up the components of a Process 610's subject 
are the UIDs 40401 of objects containing information about the entities represented by the UIDs 40401 , The 
principal componem's UID 40401 represents an object called the Principal Object The Principal Objert 

'5 x^ontains information about the user for whom Process 610 was created. For example, the Information 
might cofwern what access rights the user had to the resources of CS 101 10, or it might contain records of 
his use of CS 10110. The process component's UID 40401 represents the Process Object, while the domain 
component's UID 40401 repres^ts an object called the Domain Object The Domain Object contains 
infonnation which must be acc^ible to any Process 610 whose subject has the Domain Object's UID 

20 40401 as Its domain component. Other emlK)diments of CS 10110 will use the tag component of the 
subject In these embodiments, the tag component's UID 40401 is the UID 40401 of a Tag Object comatning 
at least such information as a list of the subjects which make up the group of subjects represented by the 
tag component's UID. 

25 b. Donnains 

As stated above, the subject's domdn component is the domain of execution attribute belonging to the 
Procedure Object 608 or ETM whose code is being executed when the access request is made. The domain 
component of the subject thus gh/es Process 610 to which the subject belongs potential access to the group 
of objects whose ACLs have ACtEs with subject templates containing domain components that match the 

30 DOE attribute. This group of objects is the domain defined by the Procedure Object 608 or ETM's DOE 
attribute. When a Process 610 executes a Procedure 602 from a Procedure Object 608 or ETM with a gwen 
DOE attribute. Process 610 is said to be executing in the domain defined by that DOE attribute. As n«y t>e 
inferred from the above, different Procedure Objects 608 or ETMs may have the same DOE attribute, and 
objects may have ACL£& which make them members of mar»y different domains. 

35 In estat}1i8hlng a relationship between a group of Procedure Objects 608 and another group of objects, 

a domain allows a programmer using CS 101 10 to entire thet s gWen object is read, executed, or modified 
only by a certain set of Procedures 602. Donr^ins may thus be used to construct protected subsystems in 
CS 10110. One example of such a protected subsystem is KOS itself: the objects in CS 10110 virhich contain 
KOS tables all have ACLs whose domain template components match only the DOE v»^ich represents the 

40 KOS domain. The only Procedure Objects 608 and ETMs which have this DOE are those which contain KOS 
Procedures 602, and consequently, only KOS Procedures 602 may manipulate KOS tables. 

Since an object may b^ong to more than one domain, a programmer may use domains to establish 
hierarchies of access* For example, if stmie of the objects in a first domain belong both to the first domain 
and a second domain, and the second donnain's objects all also belong to the first domain, then Procedures 

45 602 contained in Procedure Objects 608 whose DOEs define the first domain may access any object in the 
first domain, including those which also belong to the second domain, while those from Procedure Objects 
608 whose DOEs define the second domain may access only those objects in the second domain. 

& Access Control Lists 

so As previously mentioned, the Access Control System compares the suk^ect belonging to Process 610 

making an access to an object and the kind of acc^ f>rocess 610 desires to make with the object's ACLs to 
determine v\^ether the access is legal. The following discussion of the ACLs will first deal with Subject 
Templates, since they are common to all ACLs, and then with PACLs and EACLs. 

55 1. Subject Templates (Rg. 416) 

Rgure 416 shows Subject Templates, PACL Entries (PACLEs), and EACL Entries (EACLEsK Tuming first 
to the Subject Templates, Subject Template 41601 consists of four components, Prindpal Template 41606, 
Process Template 41607, Domain Template 41609, and Tag Template 41611. Each template has two fields. 
Flavor Reld 41 603, and U ID Reld 41605. Ravor Field 41603 indicates the way in which the template to which 

€0 it belongs is to match the corresponding component of the subject for Process 610 anempting ttie access. 
Ravor Reld 41603 may have one of three values: match any, match one, match group. K Ravor Reld 41603 
has the value nrwtch any, any subject component UID 40401 matdies the template, and the Access Control 
System does not examine UID Reld 41605. K Ravor Reld 41^ has the value nnatch one, then the 
corresponding subject component must have the same UID 40401 as the one contained in UID Field 41605. 

65 If Ravor Reld 41603 has the value match group, finally, then UID Reld 41605 contains a UID 40401 of an 
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object containing information about the group of subject components which the given subject component 
may match. 

2. Primitive Access Control Lists {PACLs) 

5 PACls are made up of PAClEs 41613 as illustrated in Figure 416. Each PACLE 41613 has two parts: a 

subject template 41601 and an Access Mode Bits Field 41615. The values In Access Mode Bits Reld 41615 
define 11 kinds of access. The eleven kinds fall into two groups: Primitive Data Access and Primitive Non- 
data Access, Primitive Data Access controls what the subject may do with the object's Contents 40406; 
Primitive Nonniata Access controls what the subject may do with the object's Attributes 40404. 

'0 There are three kinds of Primitive Data Access: Read Access, Write Access, and Execute Access- H a 

subject has Read Access, it can examine the data contained in the object; if the subject has Write Access, it 
can alter the data contained in the object; if it has Execute Access, it can treat the data in the object as a 
Procedure 602 and attempt to execute it A subject may have none of these kinds of access, or any 
combination of the kinds. On every reference to an object, the KOS checks whether the subject performing 

rs the reference has the required Primitive Data Access. 

Primitive Non-data Access to an object is required only to set or read an object's Attributes 40404, and 
is checked only when these operations are performed. The kinds of Non-data Access correspond to the 
kinds of Attributes 40404: 

20 Attributes Kind of Access 



Object Attributes get object attributes 

set object attributes 

25 Primitwe Control get primitive control 

attributes 

Attributes set primitive control 

attributes 



30 



35 



Extended Cmtro) get extended comrol 

Attributes attributes 

set ^ctended control 
attritmtes 

ETM Access use as ETM 

create ETO 



40 The access rights for object attributes allow a subject to get and set the object attributes de8crit)ed 
previously. The access rights for primitive and extended control attributes allow a subject to get and set an 
objecTs PACL and EACL respectively. 

An object may have any number of PACLEs 41 613 in Its PACL The first five PACLEs 41613 in an object's 
PACL are contained in fixed PACLE Reld 41237 of LAUDE 40906 for the object; the remainder are stored in 

45 LAUD 40903 at the location specified in PACL Offset Reld 41233 of LAUDE 40906, 

3. APAM 10918 and Protection Cache 10234 (Rg. 421 1 

Primitive non-data access rights are checked on}y when users invoke KOS routines that require such 
access rights, and extended access rights are checked only when users request such checks. Primitive data 

50 access rights, on the other hand, are checked every time a Virtual Processor 61 2 makes a memory reference 
while executing a Process 610. The KOS implementation of primitive data access right checking therefore 
emphasizes speed and efficiency. There are two parts to the implementation: APAM 10918 in MEM 101 12, 
and Protection Cache 10234 in JP 10114. APAM 10918 is in a location in MEM 10112 known to KOS 
microcode. APAM 10918 contains prin^tive data access information copied from PACLEs 41613 which 

55 belong to active objects and whose Subject Template 41^1 matches an active subject Protection Cache 
10234, in turn, contain copies of the information in APAM 10918 for the active subject of Process 610 whose 
Virtual f^ocessor 612 is currently bound to JP 10114 and active objects referenced by Process 610. A 
primitive data access check in CS 101 10 begins with Protection Cache 10234, and if the information is not 
contained in Protection Cache 10234, proceeds to APAM 10918, and if it is not there, finally, to the object's 

SQ PACL The discussion which follows begins with APMA 10918. 

Figure 421 shows APAM 10918, APAM 10918 is organized as a two-dimensional array. The array's row 
indexes are AONs 41304, and its column indexes are ASNs. There is a row for each AON 41304 in CS 101 10, 
and a column for each ASN. In Rgure 421, only a single row and column are shovm. Any primitive data 
access information in APAM 10918 for the object represented by AON 41304 j is contained in Row 42104, 

^ while Column 42105 contains any primitive data access information in APAM 10918 for the subject 
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represented by ASN k. APAM Entry (APAME) 42106 is at the intersection of Row 42104 and Column 42105, 
and thus contains the primttwe data access information from that PACLE 41613 belonging to the object 
represented by AON 41304 j whose Subject Template 41601 matches the subject represented by ASN k. 
An expanded view of APAME 42106 is presented beneath the epresentation of APAM 10918. APAME 
^ 42106 contains four 1-bit fields. The bits represent the kinds of primitive data access that the subject 
represented by APAME 42106's column index has to the object represented by APAME 42106*5 row index. 

— Field 42107 is the Valid Bit K the Valid Bit is set APAWIE 42106 contains whatever primitive data access 
infbtmation is available for the subject represented by the column and the object represented by the 
row. The remaining fields in APAME 42106 are meaningful only if Valid Bit 42107 is set. 

— Field 42109 is the Execute Bit If it is set APAME 42106*s subject has Execute Access to APAME 421 oe^s 
object, 

— Field 42111 is the Read Bit. If it is set, APAME 42106's subject has Read Access to APAME 42106's 
object. 

— Field 42113 is the Write Bit. if It is set APAME 42106's subject has Write Access to APAME 42106's 
object. 

Arty combination of bits tn Fields 42109 through 42113 may be set If all of these fields are set to O, 
APAME 42106 Indicates that the subject it represents has no access to the object it represents, 

KOS sets APAME 42106 for an ASN and an AON 41304 the first time the subject represented by the 
ASN references the object represented by AON 41 304. U ntil APAME 421 06 is set Valid Bit 421 07 is set to 0. 
When APAME 42106 is set Valid Bit 42107 is set to 1 and Reids 42109 through 421 13 are set according to 
the primitive data access information in the object's PACLE 41613 whose Subject Template 41501 matches 
the subject When an object is deactivated. Valid Bits 42107 in all APAMEs 42106 in the row belonging to the 
object's AON 41304 are set to 0; similarly, when a subject is deactivated. Valid Bits 42107 in all APAMEs 
42106 in tfie column belonging to the subject's ASN are set to 0. 

25 

4. Protection Cache 10234 and Protection Cheddng (Fig. 422) 

The final stage in the acceleration of protection information is Protection Cache 1 0234 in JP 10114, The 
details of the way in which Protection Cache 10234 functions are presented in the discussion of the 
hardware; here, there are discussed the manner in which Protection Cache 10234 performs access checks^ 

30 the relationship between protection Cache 10234, APAM 1(^18, and AOT 10712, and the manner in which 
KOS protection cache microcode maintains Protection Cache 10234. 

Rgure 422 is a block diagram of Protection Cache 10234, AOTE 10712, APAM 10918, and KOS 
Microcode 42207 vi^ich maintains Protection Cache 10234. Each time JP 101 14 makes a memory refer«>ce 
using a Logical Descriptor 27116, it simultaneously presents Logical Descriptor 271 16 and a Signal 42208 

35 indicating the kind of nn^nofy operation to Protection Cache 10234 and ATU 10228. Entries 42215 in 
Protection Cache 10234 contain primitive data access and length information for objects previously 
referenced by the cun-ent subject of Process 610 whose Virtual Processor 612 is currently bound to JP 
10114. On every memory reference. Protection Cache 10234 emits a Valid/invaiid Signal 42205 to MEM 
10112. If Protection Cache 10234 contains no Entry 42215 for AOfM 41304 comalned in Logical Descriptor 

40 271 1 6's AON field 271 1 1 , if Entry 4221 5 indicates that the subject does not have the type of access required 
by process 610, or if the sum of Logical Descriptor 271 1 6's OFF field 2711 3 and LEN field 271 15 exceed the 
object's current size. Protection Cache 10234 emits an Invalid Signal 42205. This signal causes MEM 10112 
to abort tiie n^mory reference. Othenvlse, Protection Cac^e 10234 emits a Valid Signal 42205 and MEM 
10112 executes the memory ref^^nce. 

45 When Protection Cache 10234 emits an Invalid Signal 42205, it latches Logical Descriptor 27116 used to 

make tiie reference Into Descriptor Trap 20256, the memory command into Command Trap 2701 8, and if It 
was a write operation, the data into Data Trap 20258, and at the same time emits one of two Evem Signals 
to KOS microcode, lll^al Access Event Signal 42208 occurs when Process 610 maldng the referer>ce does 
not have the proper access rights or the data referenced extends beyond the end of the object illegal 

so Access Event Signal 422(» invokes KOS microcode 42215 which performs a Microcode to Software Call 
42217 (described In the discussion of Calls) to KOS Access Control System Procedures 602 and passes the 
contents of Descriptor Trap 20256, Command Trap 27018, the ASN of Process 610 (contained in a register 
MGR's 10360), and if necessary. Data Trap 20258 to these Procedures 602. These procedures 602 inform 
EOS of the protection violation, and EOS can then remedy it 

^ Cache Miss Event Signal 42206 occurs when there is no Emry 4221 5 for AON 41304 in protection Cache 

10234. Cache Miss Event Signal 42206 invokes KOS Protection Cache Miss Microcode 42207, which 
constructs missing Protection Cache Entry 42215 from information obtained from AOT 10712 and APAM 
1(»18. If APAM 10918 contains no entry for the current subjects ASN and the AON of the object being 
referenced, protection Cache Miss Microcode 42207 performs a Microcode-to-software Call to KOS Access 

GO Control System Procedures 602 which go to LAUDE 40^ for tfie object arnl copy the required primitive 
data acc^ Information from the PACLE 41613 belonging to the object whose Subject Template 41601 
matches the subject attempting the reference Into APAM 10918. The KOS Access Control System 
Procedures 602 then return to Cache Miss Microcode 42207, which itself returns. Since Cache Miss 
Microcode 41107 was invoked by an Event Signal, the return causes JP 10114 to reexecute the memory 

65 reference which caused the protection cache miss. If protection Cache 10234 was loacted as a result of the 
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last protection cache miss, the miss docs not recur; if Protection Cache 10234 was not loaded because the 
required information was not in APAM 10918, the mtss recurs, but since the information was placed in 
APAM 10918 as a result of the previous miss. Cache Miss Microcode 42207 can now construct an Entry 
42215 in Protection Cache 10234. When Cache Miss Microcode 42207 returns, the memory reference is 
again attempted, but this time Protection Cache 10234 contains the information and the miss does not 
recur, 

Cadne Miss Microcode 42207 creates a new Protection Cache Entry 42215 and toads it into Protection 
Cache 10234 as follows: Using AON 41304 from Logical Descriptor 27116 latched into Descriptor Trap 
20256 when the memory reference which caused the miss was executed and the current subject's ASN, 
contained in GR's 10360, Cache Miss Microcode locates APAME 42106 for the subject represented by the 
ASN and the Qb}ect represented by AON 41304 and copies the contents of APAME 42106 into a JP 10114 
register which may serve as a source for JPD Bus 10142. tt also uses AON 41304 to locate AOTE 41306 for 
the object and copies the contents of Size Field 41519 into another JP 10114 register which is a source for 
JPD Bus 10142. tt then uses three special microcommands, executed in successive microinstructions, to 
load Protection Cache Entry 4221 B. The first microcommand loads Protection Cache Entry 4221 5's TS 2401 0 
with AON 41304 of Logical Descriptor 27116 latched into Descriptor Trap 20256; the second loads the 
object's size into Protection Cache 10234's EXTENT field, and the third loads the contents of APAME 42106 
in the same fashion* 

Another microcommand invalidates all Entries 42215 in Protection Cache 10234. This operation, called 
flushing, is performed when an object is deactivated or when the current subject changes. The current 
subject changes whenever a Virtual Processor 612 is unbound from JP 1011 4, and whenever a Process 610 
performs a call to or a retum from a Procedure 502 executing in a domain dHferent from that in which the 
catling Procedure 602 or the Procedure 602 being returned to executes in. In the cases of the Call and the 
unbinding of Virtual Processor 612, the cache flush is performed by KOS Call and dispatching microcode; in 
the case of object deactivation, it is performed by a KOS procedure using a special KOS SIN which invokes 
Cache Rush Microcode. 

D. Processes 

1, Synchronization of Processes 610 and Virtual Processors 612 

Since Processes 610 and the Virtual Processors 612 to which they are bound may execute concurrently 
on CS 10110, KOS must provide means for synchronizing Processes 610 which depend on each other. For 
example. If process 610 A cannot proceed until Process 610 6 has performed some operation, there must 
be a mechanism for suspending A's execution until B is finished. Generally speaking, four kinds of 
synchronization are necessary: 

— One Process 610 must be able to halt and wait for another Process 610 to finish a task before it 
proceeds. 

— One Process 610 must be able to send another Process 610 a message and wait for a reply before it 
proceeds. 

— When processes 610 share a data base, one Process 61 0 must be able to exclude other Processes 610 
from the data base until the first Process 610 is finised using the data base, 

— One Process 610 must be able to interrupt another Process 610, i.e., asynchronously cause the second 
Process 610 to perform some action. 

KOS has internal mechanisms for each land of synchronization, and in addition supplies 
synchronization mechanisms to EOS. KOS uses the internal mechanisms to synchronize Virtual Processors 
612 and KOS Processes 610, while EOS uses the mechanisms supplied by KOS to synchronize all other 
Processes 610, The internal mechanisms are the following: 

— Event counters. Await Entries, and Await Tables. As will be explained in detail below. Event Counters 
and Await Entries allow one Process 610 to halt and wait for another Process 610 to complete an 
operation. Event counters and Await Entries are also used to implement process interrupts. Await 
Entries are organized Into Await Tables. 

— Message Queues. Message Queues allow one Process 610 to send a message to another and wait for a 
reply. Message Queues are implemented with Event Counters and queue data structures. 

— Ijocks. Locks allow one Process 610 to exclude other Processes 610 from a data base or a segment of 
code. Locks are Implemented with Event Counters and devices called Sequencers, 

KOS makes Event Counters, Await Entries, and Message Queues available to EOS. It does not provide 
Locks, but it does provide Sequencers, so that EOS can construct its own Locks. The following discussion 
will define and explain the logical properties of Event Counters, Await Entries, Message Queues, 
Sequencers, and Locks. Their implementation In the present embodiment will be described along with the 
implementation of Processes 610 and Virtual Processors 612. 

a. Event Counters 44801, Await Errtries 44804, and Await Tables (Fig. 448, 449) 

Event Counters, Await Entries, and Await Tables are the fundamental components of the KOS 
Synchronization System. Figure 448 illustrates Evem Counters and Await Entries in the pr^ent 
embodiment. Figure 449 gives a simplified representation of Process Event Table 44705, the pr^ent 
embodiment's Await Tables. Turning first to Figure 448, Event Counter 44801 is an area of memory which 
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contains a value that may only be increased. In one of the present embodiment Event Counters 44801 for 
KOS systems which may not page fault are ahways present in MEM 10112; other Event Counters 44801 are 
stored in Secondary Storage 10124 unless a Process 610 has referenced them and thereby caused the VMM 
System to load them into MEM 101 12, The value contained in an Event Counter 44801 is termed an Event 
^ Counter Value 44802. In the present embodiment, EventCounter 44801 contains 64 bits of data, of which 60 
make up Event Counter Value 4480Z Event Counter 44801 may be referred to either as a variable or by 
nrwans of a 128-bit UID pointer which corrtains Event Cou nter 44801 's location. The UID pointer is termed an 
Event Counter Nanrte 44803. 

Await En^ 44804 is a component of entries in Await Tables. In the present enrtbodiment there are two 
Await Tables: Process Event Table 44705 and Virtual Processor Await Table (VPAT) 45401. VPAT 45401 is 
always present in MEM 101 12. As already mentioned. Figure 449 illustrates PET 44705. Both PET 44705 and 
UPAT 45401 v«il be described in detail later Each Await Entry 44804 contains an Event Counter Name 
44803, an Event Counter Value 44802, and a Bade Link 44805 which identifies a Process 610 or a Virtual 
Processor 612. Await Entry 44804 thus establishes a relationship between an Event Counter 44801, an Event 
Counter Value 44802, and a Process 610 or Virtual processor 612, 

Turning now to Figure 449, in the present embodiment, alt Await Entries 44804 for user Processes 61 0 
are conteined in PET 44705, PET 44705 also contains other information. Rgure 449 presents only those 
parts of PET 44705 which illustrate Awa'rt Entries 44804. PET 44705 is structured to allow rapid location of 
Await Entries 44804 belonging to a specific Event Counter 44801. PET entries (PETEs) 44909 contain links 
vMch allow them to be combined into lists in PETE 44705. There are four kinds of lists in PET 44705: 

— Event counter lists: these lists link all PETEs 44909 for Event Counters 44801 whose Event Counter 
Names 44803 hash to a single value. 

— Await lists: These lists link all PETEs 44909 for Event Counters 44801 which a given Process 610 is 
awaiting. 

^5 — Interrupt lists: These lists link all PETEs 449C» for Event Counters 44801 which will cause an interrupt to 
occur for a gi ven P rocess 610. 

— The Free list: PETEs 44909 which are not being used in one of the above lists are on a free list 
Each PETE 44909 which is on an av/ait list or an interrupt List is ateo on an event counter list- 
Turning first to the event counter lists, all I^TEs 44909 on a gh/en event counter list contain Event 

^ Counter Nanrtes 44803 which hash to a single value. The value produced by Hash Func^on 44901, and 
then used as an index in PET Hash Table (PETHT) 44M3. That entry in PETHT 44903 contains the index in 
PET 44705 of that PETE 44909 which is the head of the event counter list PETE List 44904 represents one 
such event counter li^ Thus, given an Event Counter Nanr>e 44803, KOS can quickJy find all Await Entries 
44804 t^elonging to Event Counter 44801. 

3S In the present embodiment, the implementation of Event Counters 44801 and tables with Await Entries 

44804 invoh^es both Processes 610 and Virtual Processors 612 to which Processes 610 are bound As vwll be 
explained later, a large number of Event Courtters 44801 and Await Entries 44804 belonging to Processes 
610 are multiplexed onto a small number of Event Counters 44801 and Await Entries 44604 t)elonging to the 
Processes' Virtual Processors 612, Await entries 44804 for Event Counters 44801 belonging to Virtual 

^ Processors 612 are contained in VPAT 45401. 

b. Syndirontzation with Event Counters 44801 and Awart Entries 44804 

The simplest form of Process 610 synchronization provided by KOS uses only Event Counters 44801 
and Await Entries 44804. Coordination takes place tike this: A Process 610 A requests KOS to perform an 

45 Await Operation, i.e., to establish one or more Await Entries 44804 and to susperid Process 610 A until one 
of the Await Entries is satisfied. In requesting the Await Operation, Process 610 A defines what Event 
Counters 44801 it is awaiting and what Event Counter Values 44802 these Event Counters 44801 must have 
for their Await Entries 44804 to be satisfied. After KOS establishes Await Entries 44804, it suspends Process 
610 A. While process 610 A is suspended, other Processes 610 request KOS to perform Advance Operations 

so on the Event Counters 44801 specified in Process 610 A's Await Entries 44804, Each time a Process 610 
requests an Advance Operation on an Event Counter 44801, KOS increments Event Counter 44801 and 
checks Event Counter 4480rs Await Entries 44804. Eventually, one Event Counter 44801 satisfies one of 
Process 610 A's Await Entries 44804, Le., reaches a value equal to or greater than the Event Counter Value 
44802 specified in its Await Entry 44804 for process 610 A. At this point KOS allows process 610 A to 

ss resume execution. As protsss 610 A resumes execution. It deletes all of its Await Entri^ 44804. 

E. Virtual Processors 612 {fig. 453) 

As previously stated, a Virtual processor 612 may be logically defined as the means by which a Process 
610 gains access to JP 101 14. In physical terms, a Virtual Processor is an area of MEM 101 12 which contains 

BO the information that the KOS microcode which binds Virtual Processors 612 to JP 101 14 and unt»nds them 
from JP 10114 requires to perform the binding and unbinding operations. Rgure 453 shows a Virtual 
Processor 612. The area of MEM 10112 belonging to a Virtual Processor 612 is Virtual processor 612'5 
Virtual Processor State Block (VPSB) 614. Each Virtual Processor 612 in a CS 10110 has a VPSB 614. 
Together, the VPSBs 614 nrwke up VPSB Array 45301. Within the Virtual Processor management system, 

ss each Virtual Processor 612 is known by its VP Numt)er 45304. which is the index of the Virtual Processor 
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612's VPSB 614 in VPSB Array 45301, Virtual Processors 612 are managed by means of lists contained in 
Micro VP Lists <MVPL) 45309. Each Virtual processor 612 has an Entry (MVPLE) 45321 In MVPL 45309, and 
as Virtual Processor 612 changes slate, virtual processor management microcode moves it from one list to 
another in MVPL 45309. 

VPSB 614 contains two kinds of information: 

information from Proc^ Object 901 belonging to Process 610 which is bound to VPSB 614's Virtual 
Processor 612, and information used by the Virtual Processor Management System to manage Virtual 
Processor 612. The most important information from Process Object 901 is the following: 

— Process 610's prindpal and process UIDs 40401, 

— AONs 41304 for Process 610's Stack Objects 44703. <VPSB 614 uses AONs 41304 because KOS 
guarantees that AONs 41304 belonging to Stack Objects 44703 will not change as long as a Process 610 
is bound to a Virtual Processor 612.) 

Ghren AON 41304 of Process 610's SS object 10336, the Virtual Processor Management System can 
locate that^portion of Process 610's state wrhich is moved into registers belonging to JP 1 0114 when process 
61 P's Virtual Processor 612 is bound to JP 1 01 14. Similarly, when Virtual Processor 612 is unbound from JP 
10114, the virtual processor management system can move the contents of JP 10114 registers into the 
proper location in SS Object 10336. 

a. Virtual Processor Managment (Rg. 453) 

EOS can perform she operations on Virtual Processors 612: 

— Request VP allows EOS to request a Virtual Processor 612 from KOS- 

— Release VP allows EOS to retum a Virtual Processor 612 to KOS, 
Bind binds a Process 610 to a Virtual Processor 612. 

— Unbind unbinds a process 610 from a Virtual Processor 612, 

Run allowtfs KOS to bind Process 610's Virtual Processor 612 to JP 10114. 

— Stop prevents KOS from binding process 610's Virtual Processor 612 to JP 10114, 

As can be seen from the above list of operations^ EOS has no direct Influence over the actual binding of 
a Virtual Processor 612 to JP 101 14. This operation is performed by a component of KOS microcode called 
the Dispatcher. Dispatcher microcode is executed wh^iever one of four things happens: 

— Process 61 0 whose Virtual Processor 612 is currently bound to JP 101 14 executes an Awart Operation. 

— Process 610 whose Virtual Processor 612 Is cunrentty bound to JP 10114 executes an Advance 
Operation which satisfies an Await Entry 44801 for some other Process 610. 

— Either Interval Tinror 25410 or Egg Timer 25412 overflows, causing an Event Signal which invokes 
Dispatcher microcode. 

— lOJP Bus 10132 is activated, causing an Event Signal which invokes Dispatcher microcode. lOS 10116 
activate lOJP bus 10132 when it loads data into MEM 10112 for JP 10114. 

When Dispatcher microcode is invoked by one of these events, it examines lists in MVPL 45309 to 
determine which Virtual Processor 612 is to run next For the purposes of the present discussion, only two 
lists are important: the running list and the eligible list In the present embodiments the running list, headed 
by Running Ust Head 45^1, contains only a single MVPLE 45321, that representing Virtual Processor 612 
currently bound to JP 101 14, In embodiments with multiple JPs 101 14, the running list may have more than 
one MVPLE 45321, The eligible list headed by Eligible Ust Head 45313, contains MVPLEs 45321 
representing those Virtual Processors 612 which may be bound to JP 10114. MVPLEs 45321 on the eligible 
list are ordered by priorities assigned Processes 610 by EOS, Whenever KOS Dispatcher microcode is 
invoked, it compares the priority of Process 610 whose Virtual Processor 612's MVPLE 45321 is on the 
running list vwth the priority of Process 610 whose Virtual Processor 612's MVPl£ 45321 is at the head of 
the eligible list If the latter Process 610 has a higher priority, KOS Dispatcher microcode places MVPLE 
45321 belonging to the fornwr Process 610's Virtual Processor 612 on the eligible list and MVPLE 45321 
belonging to the latter Process 610's Virtual Processor 61 2 onto the running list Dispatcher microcode then 
swaps Processes 610 by moving state in JP 10114 belonging to the former Process 610 onto the former 
Process 610's SS object 10336 and moving JP 101 14 state belonging to the latter Process 610 from the latter 
Process 610's SS object 10336 into JP 10114. 

b. Virtual Processors 612 and Synchronization (Rg. 454) 

When a synchronization operation is performed on a Process 610, one of the consequences of the 
operation is a synchronization operation on a Virtual Processor 612. For exanDple, an Advance Operation 
which satisfies an Awart Entry 44804 for a Process 610 causes an Advance Operation which satisfies a 
secorKi Await Entry 44804 for Process 610's Virtual Processor 612. Similarly, a syrwhronization operation 
performed on a Virtual Processor 612 may have a synchronization operation on Virtual Processor 612's 
Process 610 as a cortsequence. For example, if a Virtual Processor 612 performs an operation Involving file 
I/O, Virtual Processor 612's Process 610 must await the completion of the UO operation. 

Rgure 454 illustrates the means by which process level synchronization operations result in virtual 
processor-level synchronization operations and vice-versa. The discussion first describes the components 
which transmit process-level synchronization operations to Virtual Processors 612 and the manner in which 
these components operate. Then it describes the components which trar^smit virtual processor-level 
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synchronization operations to Processes 610 and the operation of these components. 

The first set of components is made up of VPSBA 45301 and VPAT 45401 , VPSBA 45301 is shown here 
with two VPSBs 614; one belonging to a Virtual Processor 612 bound to a user Process 610 and one 
belonging to a Virtual Processor 612 bound to the KOS Process Manager process 610. VPAT 45401 is a 
virtual processor-level table of Await Entries 44804. Each Await Entry 44804 is contained in a VPAT Entry 
(VPATC) 45403. Each Virtual Processor 61 2 bound to a Process 610 has a VPAT Chunk 45402 of four VPATEs 
45403 in VPAT 45401 , and can thus await up to four Event Counters 44801 at any given time. The location of 
a Virtual processor 612's VPAT Chunk 45402 Is kept in Virtual Processor 612's VPSB 614. When an Advance 
Operation satisfies any of the Await Entries 44804 belonging to a Virtual Processor 612, all in Virtual 
Processor 612*s VAT Chunk 45402's Await Entries 44804 are deleted. As in PET 44705. VPATES 45403 
containing Await Entries 44804 which are awaiting a given Event Counter 44801 are linked together in a list 

VPATEs 45403 for Virtual Processors 61 2 bound to user Processes 610 may contain Await Entries 44804 
for user Process 610's Private Evem Counter 45405. Private Event Counter 45405 is contained in Process 
610's Process Object 301. It Is advanced each time an Await Entry 44804 in a PETE 44909 on a PET Ust 
belonging to Process 610 Is satisfied. 

The components operate as follows: When KOS performs an Await Operation on Process 610, rt makes 
Avrait Entries 44804 in both PET 44705 and VPAT 45401 and puts Process 61 0's W 61 2 on the suspended list 
in MWL 45309. As previously described, an Awatt Entry 44804 in PET 44705 awaits an Event Counter 44801 
specified in the Await Operation which created Awatt Entry 44804. Av/ait Entry 44804 in VPAT 45401 awaits 
Process 61 0's Private Event Counter 45405, Each time an Await Entry 44804 belonging to Process 61 0 in PET 
44705 is satisfied. Process 610's Private Event Counter 45405 is advanced. The advance of Private Event 
Counter 45405 satisfies Await Entry 44801 for Process 610's Virtual processor 612 in VPAT 45401, and 
consequentiy, KOS deletes Virtual Processor 612's VPATEs 45403 and moves Virtual Processor 612's 
MVPLE 45321 in MVPL 45309 from the suspencted list to the eligible list 

The components which allow a Virtual Processor 612 to transmit a synchronization operation to a 
process 610 are the following: Outward Signals Object (OSO) 45409, Multiplexed Outward Signals Event 
Counter 45407, and PET 44705. OSO 45409 contains Event Counters 44801 which KOS FU 10120 microcode 
advances when ft perfoms operations which user Processes 610 are awaiting. Event Counters 44801 in OSO 
45409 are awaited by Await Entries 44804 In PET 44705. Each time KOS fU 10120 microcode advances an 
Event Counter 44801 in OSO 45409, it also advances Multiplexed Outward Signals Event Counter 45407. It 
is awaited by an Await Entry 44804 in VPAT 45401 belonging to Virtual fVocessor 612 bound to KOS 
Process Manager Process 610. When Virtual Processor 62 bound to KOS Pr ocess Manager Process 610 is 
again bound to JP 10114, KOS Process Manager Process 610 examines all PETEs 44909 belonging to the 
Event Counters 44801 in OSO 45423. If an advance of an Event Counter 44801 inOSO44801 satisfied a PETE 
44909 Process 610, that Process OlO's Private Evem Counter 45405 is advanced as previously described, 
and Process 610 may again execute. 

A user I/O operation illustrates how the components work together. Each user I/O channel has an Evem 
Counter 44801 In OSO 45409. When a Process 610 performs a user I/O operation on a channel, the EOS I/O 
routine establish an Await Entry 44804 in the PET 44705 list tjelonging to Process 610 for the chann^'s 
Event Counter 44801 in OSO 45409. When the I/O operation is complete, lOS 10116 places a message to JP 
10114 in an area of MEM 10112 and activates lOJP Bus 10132. The activation of lOJP Bus 10132 causes an 
Event Stgr^al which invokes KOS microcode. The microcode examines the message from lOS 10116 to 
ctetermine which channel is invoked, and then advances Event Counter 44801 for that channel in OSO 
45409 and Multiplexed Outward Signals Evem Counter 45407. The latter advance satisfies an Await Emry 
44804 for Process Manager Process 610's Virtual Processor 612 In VPAT 45401, and Process Manager 
Process 610 begins executing. Process Manager Process 610 examines OSO 45409 to determine which 
Event Counters 44801 in OSO 45409 have been advanced since the last time process manager Process 61 0 
executed, and when It firwis such an Event Counter 44801, it examines the Evem Counter Chain in PET 
44705 for that Event Counter 44801 , If it finds that the advance satisfied any Await Entries 44804 in the Event 
Coumer Chain, it advances Private Event Coumer 45405 belonging to Process 610 specified in Await Entry 
44804, thereby causing that Process 610 to resume execution as previously described. 

F. Process 610 Stack Manipulation 

This section of the speciftcation for CS 10110 describes the manner in which Process 610's MAS 502 
and SS 504 are manipulated. As previous mentioned, in CS 101 10, a Process 610's MAS 502 and SS 504 
are comained in several objects. In the present embodiment there are five objects, one for each domain's 
portion of the Macro Stack (MAS) (MAS Objects 10328 tiirough 10324) and one for the Secure Stack (SS) 
(SS Object 10336). In other embodiments, a Process 610's MAS 502 may contain objects for user-defined 
domains as welt. Though a Process 61 0's MAS 502 and SS 504 are contained in many objects, they function 
as a single logical stack. The division into ^erat objects is a consequence of two things: the domain 
component of the protection system, which require tiiat an ot^ect referenced by a Procedure 602 have 
Procedure GOTs domain of execution, and the need for a location inaccessible to user programs for 
micromachine state and state which may be manipulated only by KOS. 

Stack manipulation takes place under the following ciroimstances: 
— When a procedure G02 is Invoked or a Return SIN is executed. Procedure ^2 invocations are 
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performed by means of a Call SIN. Call causes a transfer of control to the first SIN in the invoked 
Procedure 602 and the Retum SIN causes a uansfer of control back to the SIN in the invoking Procedure 
602 which follows the Call SIN. 

— When a non-local Go To SIN is executed. The non*local Go To causes a transfer of control to an 
arbitrary position in some Procedure 602 which was previously invoked by Process 610 and whose 
invocation has not yet ended. 

— When a condition arises, i.e., an execution of a statement jn a program puts the executive Process 810 
into a state which requires the execution of a previously established Handler Procedure 602. 

— When a Process 610 is interrupted, i.e., when an Interrupt Entry 45718 for Process 610 is satisfied. 
Most of the mechanisms involved in stack manipulation are used in Call and Retum; these operations 

are therefore dealt with in detail and the other operations only as they differ from Call and Return. The 
discussion first introduces Call and Return, then explains the stacks in detail, and finaily analyzes Call and 
Retum and the other operations in detail. 

1., Introduction to Call and Retum 

As a Process 510 executes a program, it executes Call and Return SINs. A Call SIN begins an Invocation 
of a procedure 602, and a Retum SIN ends the invocation. Generally speaking, a Call SIN does the 
following: 

— It saves the state of Process 61 0's execution of Procedure 602 whi(* contains the Call SIN. Included in 
this state is the information required to continue Procedure 602's execution after the Call SIN is 
finished. This portion of the state is termed calling Procedure 602*s Macrostate. 

— h creates the state which Process 610 requires to begin execution called Procedure 602. 

— It transfers control to the first SIN in the called Procedure 602's code. 

The Retum SIN does the opposite: it releases the state of called Procedure 602, restores the saved state 
of calling Procedure 602, and transfers control to the SIN in the calfing Procedure 602 following the Call SIN. 
An invocation of a Procedure 602 lasts from the execution of the Call SIN which transfers control to the 
Procedure 602 to the execution of the Retum SIN which transfers control back to Procedure 602 which 
contained the Call SIN, The state belonging to a given invocation of a Procedure 602 by a Process 610 is 
called Procedure 602^5 invocation state. 

While Calls and Returns may be implemented in many different fashiorts, it Is advantageous to 
implement them using stacks. When a Call creates invocation state for a Proc^ure 602, that invocation 
state is added to the top of Process 610's stack. The area of a stack whidi contains the Invocation state of a 
Procedure 602 is called a frame. Since a called Procedure 602 may call another procedure 602. and that 
another, a stack may have any number of frames, each frame containing the invocation state resulting from 
the invocation of a Procedure 602 by Process 610, and each frame lasting as long as the invocation it 
represents. When called Procedure 602 returns to its caller, the frame upon which it executes is released 
and the caller resumes execution on its frame. Procedure 602 being currently executed by a Process 610 
thus always runs on the top frame of Process 610's MAS 502. 

Calls and Returns in CS 10110 behave logically like those in other computer systems using stacks to 
preserve process 610 state. When a Process 610 executes a Call SIN, the SIN saves as Macrostate the 
cuHBnt values of the ABPs, the location of the SIN at which the execution of calling Procedure 602 is to 
continue, and information such as a pointer to calling Procedure 602'$ Name Table 10350 and UID 40401 
belonging to the S-interpheter object which contains the S-interpreter for Procedure 602*8 S-language. The 
Call SIN tfien creates a stack frame for called Procedure 602, obtains the proper ABP values, the location of 
called Procedure 602's Name Table 10350 and UID 40401 belonging to its S-interpreter object and begins 
executing newly-invoked Procedure 602 on the newly-created stackframe. The Retum SIN deletes the stack 
frame obtains the ^P values and name interpreter information from the Macrostate saved during the Call 
SIN and then transfers control to the SIN at which execution of calling Procedure 602 is to continue. 

However the manner in which Call and Retum are implenwnled is deeply affected by CS 10110's 
Access Control System Broadly speaking there are two classes of Calls and Returns in CS O110: those 
which are mediated by KOS and those which are not In the following discussion, the former class of Calls 
and Returns are termed Mediated Calls and Retums, and the latter are called Neighborhood Calls and 
Returns. Most Calls and Returns executed by CS 10110 are Neighborhood Calls and Returns; Mediated 
Calls and Returns are typically executed when a user procedure 602 calls EOS Procedures 602 and these in 
turn call KOS Procedures 602. The Mediated Call makes CS 101 10 facilities available to user Processes 610 
while protecting these CS 10110 facilities from misuse and therefore generally serves the same purpose as 
system calls in the present art As will be seen in the ensuing discussion. Mediated Call requires more CS 
10110 overhead than Neighborhood Call but the extra overhead is less than that generally required by 
system calls in the present art 

Mediated Calls and Returns involve S-interpreter, Namespace, and KOS microcode. S-interpreter and 
Namespace microcode Interpret the Names involved in the call and only nnodifies those portions of 
Macrostate acc^ible to the S-interpreter. The remaining Macrostate is modified by KOS microroutines 
invoked in the course of the Call SIN. A Mediated Call may be made to any Procedure 602 contained in an 
object to which Process 610's subject has Ex^ujte Access at the time the invocation occurs. Mediated Calls 
and Returns must be made in the following situations: 
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— ' When called Procedure 602 has a different Procedure Environment Descriptor (PED) 30303 from that 
used by calling Procedure 602, Such Calls are termed Cross-PED Calls. 

— When called Procedure 602 is in a different Procedure Object 608 from calling Procedure 60Z Such 
Calls are termed Cross-Procedure Object Calls. 

$ — When called Procedure 602's Procedure Object 6(» has a different Domain of Execution (DOE) Attribute 
from that of calling Procedure 602's Procedure Object 608, and therefore must place its Invocation 
State on a different MAS object from that used by calling Procedure 602. Such Calls are termed Cross- 
Domain Calls. 

In all of the above Calls, the information required to complete the Call Is not available to the 5- 
?o interpreter and consequently, KOS mediation Is required to complete the Call. Neighborhood Calls and 
Returns only modify two components of Macrostate: the pointer to the current SIN and the FP ABP. Both of 
these components are available to the S-interpreter as long as called Procedure 602 has the same PED 
30303 i.e., uses the same Name Tabe 1 0350 and S-imerpretcr or the calling Procedure 602 and has Names 
with the same syllable size as calling Procedure 602, The Call and Return SINs are specific to each S- 
is language, but they resemble each other in their general behavior. The following discussion will deal 
exclusively vinth this general behavior and will concentrate on Mediated Calls and Returns. The discussion 
first describes MAS 502 and SS 504 belonging to a Process 610 and those parts of Procedure Object 608 
involved in Calls and Retums, and then describes the implementation of Calls and Returns. 

20 2. Macro Stadcs (MAS) 502 (Fig. 467) 

Rgure 467 gives an overview of an object belonging to a Process 610's MAS 502, The description of 
this Rgure will be followed by descriptions of other Figures containing detailed representations of portions 
of MAS objects. 

At a minimum MAS Object 46703 comprises KOS MAS Header 10410 together with Unused Storage 
25 46727 reserved for the other elements comprising M^^ Object 46703. If Process 610 has not yet returned 
from en invocation of a Procedure 602 contained in a Procedure Object 608 whose DOE is that required for 
access to MAS Object 46703. MAS object 46703 further comprises a Stack Base 46703 and at least one MAS 
Frame 467 CS. 

Each MAS Frame 46709 represents one mediated invocation of a procedure 602 contained in a 
30 Procedure Objeoe 608 wi^ the DOE attribute required by MAS 46703, and may in addition represent 
neighborhood Invocations of Procedures 602 which share that Procedure 602's Procedure Object 50a The 
topmost MAS Frame 46709 represents the most recent group of invocations of Procedures 602 with the 
DOE attribute required by MAS Object 46703 and the bottom MAS Frame 46709 the eariiest group of 
invocations from which Process 610 has not yet retumed. Frames for invocations of Procedures 602 with 
3$ other domains of execution are contained in other MAS Objects 46703. As will l>e explained in detail below 
MAS Frames 46709 in -different MAS objects 46703 arc linked by pointera 

MAS Domain Stack Base 46703 has two main parts: KOS MAS Header 10410 which contains 
information used by KOS microcode which manipulates MAS O^ect 46703, and Perdomain Information 
46707, which contains information about 46703's domain and static informetionr i.e., information which 
40 lasts longer than an invocation used by Procedures €02 with MAS Frames 46709 on MAS Object 46703. 
MAS Frame 467C» also has two main parts, a KOS Frame Header 10414 which contains Infomrwtion used by 
KOS to manipulate Frame 46709 and S-interpreter Portion 46713 which contains infomnation available to 
the S-interpreter when it executes the group of Procedures 602 whose invocations are represented by 
Frame 467M. 

45 When maldng Calls and Returns, the S-interpreter and KOS microcode use a group of pointers to 
locations in MAS Object 46703. These pointers comprise the following: 

— MAS Object UID 46715 the UID 40401 of AS Object 46703. 

— Rrst Frame Offset (FFO) 46719 wrhich locates the beginning of KOS Frame fteader 10414 belonging to 
the first MAS Frame 46709 in MAS Object 46703. 

^ — Frame Header Pointer (FHP) 46702 which locates the beginning of the topntost KOS Frame Header 
10414 in MAS Object 46703. 

— Stack Top Offset (STO) 46704 a 32-bit offset from Stack UID 46715 which marks the first bit in Unused 
Storage 46727. 

As will be seen presently all of these pointers are contained in fields in KOS MAS Header 46705. 

^ a.a. MAS Base 10410 (Rg. 468) 

Rgure 468 is a detailed representation of MAS Domain Stack Base 10410 Turning first to the detailed 
representation of KOS MAS Header 46705 contained therein, there are the following fields; 

— Format Information Held 46801 containing information about the format of KOS MAS Header 46705. 
^ _ Flags Reld 46^. Of these flags, only one is of interest to the present discussion: Donwin Active Hag 

46804. This flag is set to TRUE w^fhen Process 610 to which MAS Object 46703 belongs is executing the 
Invocation of Procedure 602 whose invocation record makes up the topmost MAS Frame 46709 
contained in MAS Object 46703 to vi^ich KOS MAS Header 46705 belongs. 

— PFO Reld 46805: All MAS Headers 467(K and Frame Headers 467(» have fields containing offsets 
SS locating the previous and following headers in M;^ Object 46703. In a Stack Header 46705 there is no 
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{H'evious header and this field is set to 0. 

— FFO Field 46805: The field locating the following header In a Stack Header 46705 this field contains FFO 
46719 since the next header is the first Frame Header in MAS Object 46703. 

— STO Field 46807: the field containing STO offset 46704. 

— Process ID Reld 46809: UID 40401 belonging to Process Object 901 for Process 610 to which MAS 
Object 46703 belongs. 

— Domain Environment Information pointer Held 46811: The pointer contained in the field locates an 
area which contains domain-specific information. In the present embodiment, the area is part of MAS 
Stack Base 10410; however, in other embodiments, it may be comained in a separate object 

— Signaller Pointer Reld 46813: The pointer contained in the field locates a Procedure 602 which KOS 
invokes when a Process 610's execution causes a condition to arise while it is executing in the domain 
to which MAS object 46703 belongs. 

— AAT Pointer Reld 30211: The pointer in Retd 30211 locates AAT 30201 for MAS Object 46703. AAT 
30201 is described in detail in Chapter 3. 

— Frame Label Sequencer Field 46819: This field contains a Sequencer 45102. Sequencer 45102 is used to 
generate labels used to locate MAS Frames 46709 when a non-local GOTO is executed. 

Turning now to the detailed representation of Domain Environment Information 46821 located by ' 
Domain Environment Information Pointer Field 46811 there are the following fields: 

— KOS Format Information Field 46823. 

— Flags Reld 46825 containing the following flags: 

— Pending Interrupt Rag 46827, set to TRUE when Process 610 has an irrterrupt pending for the 
domain to which MAS Object 46703 belongs, 

— Domain Dead Flag 46829, set to TRUE when Process 610 can no longer execute Procedures 602 
wfth dcHnains of execution equal to that to which MAS Object 46703 belongs. 

— Invoke Verify on Entry Flag 46833 and Invoke Verify on Exit Hag 4^35. The former flag is set to 
TRUE when KOS is to invoke a Procedure G02 which checks the domain's data bases before a 
Procedure 602 is allowed to execute on the donrwin's MAS Object 46703; the latter is set to TRUE 
when KOS is to irrvoke such a f^ocedure 602 on exit from a Procedure 602 with the domain as its 
DOE 

— Default Handler Non-nul! Rag 46835 is setto TRUE when there is a default clean-up handlerfor the 
domain. Cleanntp handlers are described later. 

— Intenupt Mask Reld 468^ determines what interrupts set for Process 610 In MAS object 46703's 
donoain will be honored. 

— Domain UID Reld 46841 contains UIO 40401 for the domain to which MAS Object 46703 belongs. 

— Relds 46843 through 46849 are pointers to Procedures 602 or tables of pointeis to Procedures 602. 
The Prtx^dures 602 so located handle situations which arise as MASs 502 are manipulated. The 
use of these fields will become clear as the operations which require their use are explained 

b.b. Per-domain-Data Area 46853 (Rg. 468> 

Per-domain Data Area 46853 contains data which cannot be kept in M>^ Frames 46709 belonging to 
invocations of Procedures 602 executing in MAS Object 46703's domain, but v/hich must be available to 
these invocations Per-Domain Data Area 46853 has two components: Storage Area 46854 and AAT 30201. 
Storage Area 46854 contains static data used by Procedures 602 with invocations on MAS Object 46703 and 
data used by S-imerpreters which are by such procedu res 602. Associated Address Table (AAT) 30201 
Is used to locate data in Storage Area 46^. A detailed discussion of AAT ^)201 is contained in Chapter 3. 

Two kinds of data is stored in Storage Area 46854: static data and S-interpreter data. 

Static data is stored in Static Data Block 4^63. Static Data Block 46863 comprises two parts: Linkage 
Pointers 46865 and Static Data Storage 46867 Linkage Pointers 46865 are pointers to static data not 
contained In Static Data Storage 46867 for example, data which lasts longer than Process 610 and pointers 
to External Procedures 602 which the Procedure 602 to which Static Data Storage 46867 belongs invokes. 
Static Data Storage 46867 contains storage for static data used by the Procedure 602 which does not last 
longer than Process 610 executing the Procedure 602. 

S-interpreter data is data required by S-interpreters used by Procedures 602 executing on MAS object 
46703. 

The S-interpreter data is stored in S-interpreter Environment Block (SEB) 4^64 which, like Static Data 
Blodc 46864 is located via AAT ^201 : The contents of SEB 46864 depend on the S-interpreter. 

at MAS Frame 46709 Detail (fig, 469) 
Rgure 4^ represerrts a typical frame in MAS Object 46703. Each MAS Frame 46709 contains a 
Mediated Frame 46947 produced by a Mediated Call of a Procedure 602 contained in a Procedure Object 
608 vtrhose DOE attribute is the one required for execution on MAS object 46703. Mediated Frame 46947 
may be followed by Neighborhood Frames 46945 produced by Neighborhood Calls of Procedures 602. 
Mediated Frame 46947 has two parts, a KOS Frame Header 10414 which is manipulated by KOS microcode^ 
and an Snnterpreter portion which is manipulated by S-interpreter and Namespace microcode. 
Neighborhood Frames 46945 have no KOS Frame Headers 10414. As will become dear upon closer 
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examination of Figure 469. Mediated Frames 46947 in the present embodiment contain no Macrostate. In 
the present embodiment Macrostate for these frames is kept on SS Object 10336; however in other 
embodiments, Macrostate may be stored in Mediated Frames 46947. Neighborhood Frames 46945 contain 
those portions of the macrostate which may be manipulated by Neighborhood Call; the location of this 
macrostate depernls on the Neighborhood Call SIN. 

Turning now to KOS Frame Header 10414, there are the following fields: 

— KOS Fomiat Infomiation Field 46901 containing information about MAS Frame 46709's fomiat. 

— Rags Reld 46902. This field contains the following flags: 

— Result of Cross-domain Call Rag 46903. This Flag is TRUE if MAS Frame 46709 which precedes this 
MAS Frame 46709 is in another MAS Object 46703. 

— Is Signaller Flag 46905. This flag is TRUE if this MAS Frame 46709 was created by the invocation of 
a Signaller Procedure 602. 

— Do Not Return Flag 46907: This flag is TRUE If Process 610 is not to return to the invocation for 
•which this MAS Frame 46709 was created. 

— Flags 46909 through 4^15 indicate whether various lists used in condition handling and non-local 
GOTOs are present in the MAS Frame 467M. 

Previous Frame Offset Reld 46917, Next Frame Offset Reld 46919. and Frame Top Off»t Reld 46921 
are offsets which gwB the location where Header 10414 for the previous MAS Frame 46709 in MAS 
Object 46703 begins, the location where the header for the next MAS Frame 46709 in MAS Object 
46703 begins, and the location of the first bit beyond the top of MAS Frame 46709 respectively. 

— Relds 46923 through 46927 are offsets which locate lists in S-interpreter portion 46713of Frame 46709. 
KOS establishes such lists to handle conditions and non-local GOTOs. Their use will be explained in 
detail under those headings. 

— Relds 46929 and 46933 contain information about Procedure 602 whose Invocation Is represented by 
MAS Frame 46709. Reld 46929 contains the number of argu nwnts required by procedure &)2 and Reld 
46933 contains a resolvable pointer to Procedure 602*6 PED 30303. Both these fields are used primarily 
for debugging. 

— Dynamic Back Pointer Reld 4^1 contains a resolvable pointer to the preceding MAS Frame 46709 
belonging to Process 610's MAS 502 when that MAS Frame 46709 is contained in a different MAS 
Object 46703. In this case. Rag Reld 46903 is set to TRUE. When the preceding MAS Franr>e 46709 is 
contained in the same MAS object 46703 field 46931 contains a pointer with a null UID 40401 and Rag 
Reld 46903 is set to FALSE. . ^ ^ ^. ^ 

— Frame Label Reld 46935 is for a Frame Label produced when a non-local GOTO is established which 
transfers control to the invocation represented by MAS Frame 46709. The label is generated by Frame 
Label Sequencer 46819 in KOS MAS Header 10410. 

S-interpreter Portion 46713 of MAS Frame 46709 comprises those portions of MAS Frame 46709 which 
are under control of the S-interpreter. S-interpreter Portion 46713 In turn comprises two main subdivisions: 
those parts belonging to Mediated Frame 46947 and those belonging to Neighbofhood Frames 46945. 

The exact form of S-interpreter portion 46949 of KOS Frame 46947 and of S4nterpreter Frames 46945 
depends on the Call SIN which created the frame in question. However all Neighborhood Frames 46945 and 
SnnterpretM- portions 46949 of Mediated Frames 46947 have the same arrangements for storing Unkage 
Pointers 10416 and local data In the frame. Linkage Pointers 10416 are pointers to the locations of actual 
arguments used in the invocation and Local Storage 10420 contains data which exists only during the 
invocation. In all Mediated Frames 46947 and Neighborhood Frames 46945. Unkage pointers 10416 
precede Local Storage 10420. Furthemiore, when a Mediated Frame 46947 or a Neighborhood Frame 46945 
is the topmost frame of Process SWs MAS. i.e, when Process 610 is executing on that frame, the FP ahways 
points to the beginning of Local Storage 10420. and the beginning of Unkage Pointers 10416 is always.at a 
known displacemem from FP. References to Unkage Pointers 10416 may therefore be expressed as 
negative offsets from FP, and references to Local Storage 10420 as positive offsets. 

In addition, S-interpreter Portion 46713 may contain lists of information used by KOS to execute non- 
local GOTOs and conditions, as well as S-interpreter frames for non-mediated calls. The lists of information 
used by KOS are contained in Ust Area 46943. The exact location of Ust Area 46943 Is determined by the 
compiler which generates the SINs and Name Table forthe Procedure 602 whose invocation is represented 
by Mediated Frame 46347. When Procedure GQTs source text contains statements requiring storage in Ust 
Area 46943, the compiler generates SINs which place the required amount of storage in Local Storage 
10420. KOS routines then build lists in Area 46943, and place the offsets of the heads of the lists in Relds 
46923, 46925 or 46927, depending on the kind of list The lists and their uses are described in detail later. 

3. SS 504 (Fig. 470) 

Figure 470 presents an overview of SS 504 belonging to a Process 610. SS 504 is contained m SS Object 
1033a SS Object 10^ is manipulated only by KOS microcode routines. Neither Procedures 602 being 
executed by Process 610 nor S-interpreter or Namespace microcode may access information contained in 
SS Object 10336. 

SS Object 10336 comprises two main components, SS Base 47001 and SS Frames 47003. Turning first 
to the general stmcture of SS Frames 47003, each time a Process 610 executes a M^Jiated Call KOS 
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microcode creates a new SS Frame 47003 or^ SS Object 10336 belonging to Process 610 and each time a 
Process 610 executes a Mediated Return, KOS microcode removes the current top SS Franne 47003 from SS 
Object 1033a There is thus one SS Frame 47003 on SS Object 10336 belonging to a process 610 for each 

Wflied rraiiiB m on rrasBn fin m f^- 

^ SS Frames 47003 comprise two kinds of frames: 

Ordinary Frames 10510 and Cross-domain Frames 47039. Cross-domain Frames 47039 are created 
whenever Process 610 executes a Cross-domain Call; for all other Mediated Calls. Ordinary Frames 10510 
are created. Cross-domain Frames 47039 divide SS Frames 47003 into Groups 47037 of SS Frames 47003 
belonging to sequences of invocations in a single donoain. The first SS Frame 47(M)3 in a Group 47037 is a 

10 Cross-domain Frame 47039 for the invocation which entered the domain, and the remainder of the SS 
Frames 47003 are Ordinary Frames 1 051 0 for a sequernre of invocations in that domain. These groups of SS 
Frames 47003 correspond to groups of Mediated Frames 46947 in a single MAS Object 46703, 

a. a. . SS Base 47001 (Rg. 471) 

IS SS Base 47001 comprises four main parts: SS Header 10512 Process Microstate 47017, Storage Area 
47033 for JP 10114 register corrtents, and Initialization Frame Header 470^. Secure Stack Header 1051? 
contains the following information: 

— Fields 47001 and 47009 contain flag and format information; the exact contents of these fields are 
unimportant to the present discussion. 

20 — Previous Frame Offset Value Retd 4701 1 is a standard field in headers in SS Object 10336; here it is set 
to 0, since there is no previous frame. 

— Secure Stack Rrst Frame Offset Field 47013 contains the offset of the first SS Frame 47039 in SS object 
10336, i.e., Initialization Frame Header 47035. 

— Proems UID field 47015 contains UID 40401 of Process 610 to vi/hich SS Object 10335 belongs. 

25 — Number of Cross Domain Frames Reld 4701 6 contains the number of Cross-domain Frames 47039 in 
SS Object 10336. 

Process Microstate 47017 contains information used by KOS microcode when it executes Process 610 
to which SS Object 10336 belongs Relds 47019, 47021 and 47022 contain the offsets of locations in SS 
Obje« 10336. Reld 47019 contains the value of SSTO the location of the first free bh in SS Object 10336; 

30 Reld 47021 contains the value of SSFO, the location of the topmost frame in SS object 103^; Reld 47022 
finally contains the value of XDFO, the location of the topmost Cross-domain Frame 47039 in SS Object 
10336. All of these locations are marked in Rgure 470. 

Other fields of interest in Process Microstate 47017 comprise the following: Offsets in Storage Area 
Reld 47023 contains offsets of locations In Storage Area 47033 of SS Object 10336; Domain Number Reld 

3S 47025 contains the domain number for the DOE of Procedure 602 currentiy being executed by Process 61 0. 
The relationship between domain UfDs and domain numbers is explained in the discussion of domains. 
VPAT Offset Reld 47027 contains tfie offset in VPAT 45401 of VPAT Chunk 45402 belonging to Virtual 
Processor 612 to vdiich Process 610 is bound. Signal Pointer Reld 47029 contains a resoh^ed pointer to the 
Signaller (a Procedure 602 used in condition handling) belonging to the domain specified by Domain 

40 Number Reld 47025 and Trace Information Field 47031 contains a resolved pointer to that domain's Trace 
Table, described later. 

Storage Area for JP 10114 register Contents 47033 is used when a Virtual Processor 612 must be 
removed from JP 1 01 14. When this occurs, either because Virtual Processor 61 2 is unbound from JP 10114, 
because CS 101 10 is being halted, or because CS 101 10 has^iled, the contents of JP 101 14 registers which 
contain information spedfic to Virtual Processor 612 are copied Into Storage Area 47033. When Virtual 
Processor 612 is returned to JP 10114, these register contents are loaded back into the JP 10114 registers 
from whence they came, initialization Frame Header 47035, finally, is a dummy frame header wrtiich is used 
in the creation of SS Object 10336. 

b. b. SS Frames 47003 (Rg. 471) 
Commencing the discussion of SS Frames 47039 and 10510, Rgure 471 illustrates these structures in 

detail. Ordinary SS Frame 10510 ccwnprises three main divisions: Ordinary SS Frame Header 10514, 
Macrostate 10516 and Microstate 10520. Ordinary SS Frame Header 10514 contains information used by 
KOS microcode 10 manipulate Ordinary SS Frame lOSIOto which Header 10514 belongs. Macrostate 10516 
contains the values of the ABPs for the frame's mediated invocation and other information required to 
resume execution of the invocation. Microstate 1(S20 contains micromachine state from FU 10120 and EU 
10122 registers. The amount of micromachine state depends on the circumstances; in the present 
embodiment some micromachine state is saved on all Mediated Calls; furthermore, if a Process 610 
executes a microcode-to-software Call, the micromachine state that existed attire time of the call is saved; 
finally. Microstate 10520 belonging to the topmost SS Frame 47003 may contain information which was 
transferred from FU 10120 GRF registers 10354 or EU 10122 register and stack mechanism 10216 when 
their capacity was exceeded. For details about this portion of Microstate 10520 see the discussion of the FU 
10120 micromachine in Chapter 2. The discussion of SS Object 10336 continues with details concerning SS 
Header 10514 and Macrostate 05163. 
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a^.a. Ordinary SS Frame Headers 10514 (Rg. 741) 
Relds of interest in Ordinary Secure Stadc Frame Header 10514 are the following: 

— Format Information 47103 which identifies the format of Header 10514. 

— Flags Held 47105 which contains one flag of interest in this discussion: Frame Type Flag 47107: in 
s Ordinary SS Frames 10510 this field is set to FALSE. 

— Offset Relds 47109 through 4711 3: Field 47109 contains the offset of the previous SS Frame 47039 or 
10510, Reld 47111 contains the offset of the following SS Frame 47039 or 10510. and Field 47113 
contains the offset of the last SS Frame 47039 or 10510 preceding the next Crossdomain Frame 47039 

— Reld 47117 contains the current domain number for the domain in which the mediated invocation 
represent SS Frame 47039 or 10510 is executing. 

— Field 47119 contains the offset of the preceding Cross-donriain Frame 47039. 

— Field 47121 contains offsets for important locations in Microstate 10520. 

b.b,b. Detailed Structure of Macrostate 1051 6 (Fig. 47 1 ) 
Th^e fields are of interest in Macrostate 10516: 

— Syllable Size Reld 47125 contains the value of i.e., the size of the Names in the SINs belonging to 
Procedure 602 which the invocation is executing. 

— End of Name Table Reld 47127 contains the location of the last Name in Name Table 10350 belonging 
to Procedure 602 which the invocation is executing. 

20 — Relds 47129 through 47143 are resoh^ed pointers to locations in Procedure Object 901 containing 
Procedure 602 being executed by the Invocation and resolved pointers to locations containing data 
being used by Procedure 602. Reld 47129 contains a pointer to Procedure 602's PED 30303; if 
Procedure 602 is an External Procedure 602. Field 47131 contains a pointer to Procedure 602's entry in 
Gates 10340; Field 4713S contains the UID-offset value of FP for the invocation; Field 47135 contains a 

2S polmer to SEB 46864 used by Procedure 602's S-interpreter. Reld 471 37 contains the UID-Offfset value 
of SDP and Reld 47139 contains that of PBP. SIP Field 47141 contains a pointer to Procedure 602's S- 
interpreter object, and NTP, finally, is a pointer to Procedure 602's Name Table 10350. 

— Reld 47145 contains the PC for the SIN which is to be executed on return from the mediated invocation 
to which SS Frame 47003 belongs. 

30 

ccc Cross domain SS Frames 47039 (Rg. 471} 
Cross-Domain SS Frames 47039 differ from Ordinary SS Frames 10510 in two respects: they have an 
additional component Cross-domain State 10513, and fields in Cross domain Frame Header 47157 have 
different meanings from those in Ordinary Frame Header 1(©14. 

35 Cross-domain State 10513 contains information which KOS Call microcode uses to verify that a return 
to a Procedure 602 who^ DOE differs from that of Procedure 602 whose invocation has ended is returning 
to the proper domain. Fields of inters in Cross-domain State 10513 include GOTO Tag 47155 used for non- 
local GOTOs which cross domains. Stack Top Pointer Value 47153, whirfi gives the location of the first free 
bit in the new domain's MAS Object 46703 and Frame Header Pointer Value 47151, which contains the 

40 location of the topmost Mediated Frame Header 46709 in new MAS Object 46703. 

There are three fields in Cross-domain Frame Header 47157 which differ from those in Ordinary SS 
Frame Header 47101 . These fields are Rag Field 47107 which in Cross-domain Frame Header 471 57 always 
has the value TRUE, preceding Cross-domain Frame Offset Reld 47161, which contains the offset of 
preceding Cross-domain Frame 47039 in SS Object 10336 and Next Cross domain Frame Offeet Reld 47159, 

<s which contains the location of the next Cross-domain Frame 47039. These last two fields occupy the same 
locations as Relds 47111 and 47109 respectively in Ordinary SS Frame Header 10514. 

As will be noted from the above description of SS Frames 47003. Secure Stack Object 10336 in the 
present embodiment contains three kinds of information: macrostate cross-domain state and microstate. 
In other embodiments, the information in SS object 10336 may be stored in separate stack structures, for 

so example, separate microstate and cross-domain stacks, or information presently stored in MAS Objects 
46703 may be stored in SS Object 10336, and vice-versa. 

4. Portion of Procedure Object 608 Relevant to Call and Return (Rg. 472) 

The information which Process 610 requires to construct new frames on its MAS Objects 46703 and SS 
S5 Object 10336 and to transfer control to invoked Procedure 602 is contained in invoked Procedure 602's 
Procedure Object 608. Rgure 472 is an overview of Procedure Otiject 608 showing the information used in a 
Call. Rgure 472 expands information comained in Rgures 103 and 303; fields that appear in those Figures 
have the names and numbers used there. 

Beginning with Procedure Object Header 10336, this area contains two items of information used in 
60 Calls: an offset in Reld 47201 giving the location of Argument Information Array 1 0352 in Procedure Object 
* 608 and a value in Reld 47203 specifying the number of gates in Procedure Object 608. Gates allow the 
invocation of Extemal Procedures 602 that is. Procedures 602 which may be invoked by Procedures 602 
contained in other Procedure Objects eos. Procedure Object 608*8 gates are contained in Extemal Entry 
Descriptor Area 10340. There are two kinds of gates: those for Procedures 602 contained in Procedure 
6S, Object SOS, and those for procedures 602 contained in other Procedure Objects 608, but callable ^a 
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Procedure Object 608. Gates for Procedures 602 contained in Procedure Object 608 are termed Local Gates 
47205. Local Gates 47205 contain Internal Entry Offset (lEO) Field 47207 which contains the offset in 
Procedure Object 608 of Entry Descriptor 47227 for Procedure 602, If Procedure 602 is not contained in 
Procedure Object 472 its gate is a Link Gate 47206. link Gates 47206 contain Binder Area Pointer (BAP) 
^ Fields 47208. A BAP Field 47208 contains the locations of an area in Binder Area 30323 which In turn 
contains a pointer to a Gate in another Procedure Object 608. The pointer in Binder Area 30323 nnay be 
either resolved or unresolved. If Procedure 602 is corrtained in that Procedure Object 608, the Gate is a Local 
Gate 47205; otherwise, it is another Link Gate 47206. 

Procedure Environment Descriptors (PEDS) 10348 contains PEDs 30303 for Procedures 602 contained 
in Procedure Object 608. Most of the macrostate information for a Procedure 602 may be found in its PED 
30303. PED 30303 has already been described, but for ease of understanding, its contents are reviewed 
here. 

— K Field 30305 contains the size of Procedure 602's Names. 

— Largest Name {LN) Reld 30307 contains the i 

Beginning with Procedure Object Header 10336, this area contains two items of information used in 
Calls: an Offset in Field 47201 giving the location of Argument Information Array 10352 in Procedure Object 
608 and a value In Field 47203 specifying the number of gates in Procedure Object 608. Gates allow the 
invocation of External Procedures 602, that is. Procedures 602 which may be invoked by Procedures 602 
contained in other Procedure Objects 6nter to Static Data Blocic 46863. Thus, for that Invocation of 
Procedure 602 on invocation, the SOP ABP is derived via SDPP field 30313. 

— PBP Field 3031 5 is ^e pointer from which the current PC is catcutated. When Procedure 602 is invoked, 
this value becomes the PBP ABP. 

— S-interpreter Environment Prototype Pointer (SEPP) Raid 3031 6 contains the location of SEB Prototype 
Field ^17. When Procedure 602 is invoked, Reld 30316 locates SEB 46864 via AAT^OI in the same 

2f manner as SDPP ^eid 30313 locates the invocation's static data. 

A Procedure 602's PED 30303 may be located from its Intemal Entry Descriptor 47227. A PED 30303 
may be shared by several Procedures 602. Of course in this case, the values contained in shared PED 30303 
are the same for all Procedures 602 sharing it As will be explained in detail later in the present 
embodiment if a calling Procedure 602 does not share a PED 30303 with called Procedure 602 the Call must 

30 be mediated. A calling Procedure 602 may make a Neighborhood Call only to Procedures 602 with which it 
shares a PED 30303, 

The next portion of Procedure Object 608 which is of interest is Intemal Entry Descriptors 10342. Each 
Procedure 602 contained in Procedure Object 608 has an Entry Descriptor 47227. Entry Descriptor 47227 
contains four fields of interest: 
35 — PBP Offset Reld 47229 contains the offset from PBP at which the first SIN in Procedure 602's code is 

located. 

— Rags Reld 47230 contains flags which are checked when Procedure 602 is invoked. Four flags are of 
Interest: 

— Argument Information Array Present Rag 47235 which is set to TRUE if Procedure 602 has entries 
^ in Argument Information Array 10352. 

— SEB Rag 47237 is set to TRUE if SEPP 47225 is non-null, i.e., if Procedure 602 has a SEB 46864 for 
its S-interpreter. 

— Do Not Check Access Flag 47239 is set to TRUE if KOS Call microcode is not to perform protection 
checking on the actual arguments used to Invoke Procedure 602. 

45 — PED Offset Reld 47231 contains the offset of Procedure GOZ's PED 30303 from the beginnirtg of 
Procedure Object 608. 

— Frame Size Field 47233 contains the initial size of the Local Storage Portion 10420 of MAS Frame 
46709 for an invocation of procedure 602. 

Other areas of interest for Calls are SEB Prototype Area 47241, Static Data Area Prototype 30317, 
50 Binder Area 30323 and Argument Information Array 10352. SEB Prototype type Area 47241 and Static Data 
Area Prototype 30315 contain information used to create an SEB 46864 and Static Data Block 45863 
respectively for Procedure 602. These areas are created on a per-MAS Object 46703 basis. The first tinrte 
that a Process 610 executes a Procedure 602 in a domain, SEB 46864 and Static Data Block 46863 required 
for Procedure 602 are created either in MAS Object 46703 t>elonging to the domain or in another object 
55 accessible from MAS Object 46703. SEB 46864 and Static Data Block 46863 then remain as long as MAS 
Object 46703 exists. 

Static Data Prototype 30317 contains two kinds of information: Static Data Links 30319 and Static Data 
Initialization Information 30321 Static Data Links 30319 contain locations in Binder Area 30323, which in 
turn contains pointers which may be resolved to yield the locations of data or External Procedures 602. 
eo When a Static Data Block 46863 is created for a Procedure 602, the information in Binder Area 30323 is used 
to create Linkage Pointers 46865. Static Data Initialization information 30321 contains information required 
to create and initialize static data In Static Data Storage 46867. 

As mentioned in the discussions of Link Gates 47206 and Static Data Unks 30319 Binder Area 30323 
contains pointers which may be resoh^ed as described in Chapter 3 to yield locations of data and External 
65 Procedures 602. 
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Argument Information Array (AIA) 10352 contains information used by KOS Call microcode to check 
whether the subject which is invoking Procedure 602 has access to the actual arguments used in the 
invocation which allows the uses made of the arguments in Procedure 602. This so-called 'Trojan horse 
check" ts necessary because a Call may change the domain component of a subject Thus, a subject which 
^ Is lacking access oiF a specific kind to a data item coutd gain that access by passing the data item as an 
argument to a Procedure 602 whose DOE gives h access rights that the calling subject itself lacks. 

Each Local Gate 47205 in Procedure Object 608 has an dement in AIA 10352. Each of these Argument 
Information Array Elements (AlAEs) 60845 has fields indicating the following: 

— The mininnim number of argunwnts required to invoke Procedure 602 to which l_ocal Gate 47205 
belongs, in Held 47247. 

— The maximum number of argumerrts which may be used to invoke Procedure 602 in Field 47249. 

— The access rights that the invoking subject must have to the actual arguments in order to invoke 
Procedure 602 in Field 47251. 

RettT 47251 is itself an array which specifies the kinds of access that the invoking subj^ must have to 
the actual arguments it uses to invoke Prroedure 602. Each fonmal argument for Procedure ^2 has an 
Access Mode Array Entry (AMAE) 47255. The order of the AMAEs 472K corresponds to the order of 
Procedure 602*8 fomnal arguments. The first formal argument has the first AMAE 47255, the second the 
second, and so forth. An AMAE 47253 is four bits long. There are two forms of AMAE 47253: Primitive 
Access Form 47255 and Extended Acce^ Form 47257. In the former form, the leftmost bit is set to 0. "Rie 
three remaining bits specify read, write, and execute access. If a bit is on, the subject performing the 
invocation must have that kind of pnmitive access to the object containing the data item used as an actual 
for the forma! argument corresponding to that AMAE 47253. In the Extended Access Form 47257, the 
leftmost bit is set to 1 and the remaining bits are defined to represent extended access required for 
Procedure 602. The definition of these bits varies from Procedure 602 to Procedure 602. 

25 

5. Execution of Mediated Calls 

Having described the portions of MAS Object 46703, SS Object 103^. and Procedure Object 608 which 
are involved in Calls, the discussion turns to the description of the Mediated Call Operatior^ First, there is 
presented an overview of the Mediated Cait SIN and then the implementation of Mediated Calls in the 
30 present emt>odtment is discussed, beginning with a simple M^iated Call and continuing with Cross- 
, Procedure Object Calls and Cross Domain Calls. The discussion closes with a description of software-to- 
microcode Calls. 

a. 8. Mediated Call SINs 

35 While the exaa form of a Mediated Call SIN is S-language specific, all Mediated Call SINs must contain 
four items of information: 

— The SOP for the operation. 

— A Name that evaluates to a pointer to the Procedure ^2 to be invoked by the SIN. 

— A literal {con^nt} specifying the number of actual arguments used in the invocation. 

40 — A list of Names which evaluate to pointers to the actual arguments used in the irrvocation. 

If Procedure 602 requires no arguments, the literal will be 0 and the list of Names representing the 
actual arguments will be empty. 

in the present embodiment Mediated Call and Return SINs are used v^enever called Procedure 602 
has a different PED 30303 from calling Procedure K)2. In this case, the Call must save and recalculate 
45 macrostate other than FP and PC, and mediation by KOS Call microcode is required. The manner in which 
KOS Call microcode mediates the Call depends on whe^er the Call is a simple Mediated Call a Cross- 
procedure Object Call, or a Cross-Domain Call. 

b. b. Simple Mediated Calls (Fig. 270, 468, 469, 470, 471, 472) 

so When the Mediated Call SIN is executed, S-interpreter microcode first evaluates the Name v^ich 
r^resents the location of the called Procedure 602. The Name may evaluate to a pointer to a Gate 47205 or 
4707 in ar>other Procedure Object 608 or to a pointer to an Entry Descriptor 47227 in the present Procedure 
Object 608. When the Name has been evaluated, S-interpreter Call microcode invokes KOS Call microcode, 
using the evaluated Name as an argument This microcode first fills in Macrostate Relds 10516, left empty 

55 until now, in the current invocation's SS Frame 47003. The microcode olnalns the values for these fields 
from registers in FU 10120 where they are nnaintalned while Virtual Processor 612 of Process 610 wh\tA\ is 
executing the Mediated Call is bound to JP 10114. 

The next step to determine whether the pointer which KOS Call microcode received from S-interpreter 
Call microcode is a pointer to an External Procedure. To make this determination, KOS Call microcode 

60 compares the pointer's AON 41 304 with that of Procedure Object 608 for Procedure 602 making the Call. If 
they are different the Call is a Cross-Procedure Object Call, described below. In the case of the Simple 
Mediated Call, the format field indicates that the location is an Entry Descriptor 47227. KOS Call microcode 
continues fay saving the location of Entry Descriptor 47227 and creating a new Mediated Frame 48947 on 
current MAS Object 46703 and a new Ordinary SS Frame 1(K10 on SS Object 10336 for called Procedure 

0 602. As KOS Call microcode does so, it sets Fields 46917 and 46919 in Mediated Frame Header 10414 and 
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Relds 47109 and 47111 in Ordinary SS Frame Header 10514to the values required by the addition of frannes 
to MAS Object 46703 and SS Object 10336. 

New Mediated Frame 46947 is now ready for Unlcage Pointers 10416 to the actual argunnents used in 
the Call, so KOS Call microcode returns to S-interpreter Call microcode, which parses the SIN to obtain the 

^ Iheral specifying the number of arguments and saves the literal value. S-interpreter Call microcode then 
parses each argument Name, evaluates it, and places the resulting value in Linkage Pointers Section 10416. 
When Linkage Pointers Section 10416 is complete, S-lnterpreter Call Microcode calculates the new location 
of FP from the location of the top of Linkage Pointers Section 10416 and places a pointer for the location in 
the FU 10120 register reserved for FP. At this time, S-interpreter Call microcode also places the new 
location of the top of the stack in Stack Top Offset Field 46807. 

S-interpreter Call microcode then invokes KOS Call microcode to place the value of the I'rteral 
specifying the number of argunnents in MAS Frame Reld 46929, to calculate the new value of FHP 46702 
and place it in the FU 10120 register reserved for that value, and finally to obtain the state necessary to 
execute called Procedure 602 from called Procedure 602's Entry Descriptor 47227 and PED 30303. As 
previously stated, S-interpreter Call microcode saved the location of Entry Descriptor 47227. Using this 
location, KOS Call Microcode obtains the size of the storage required for local data from Field 47233 and 
adds that amount of storage to the new MAS Frame 46709. Then KOS Call Microcode uses Reld 47231 to 
locate PED 30303 for Procedure 602. PED 30303 conUins the remainder of the necessary information about 
Procedure 602 and KOS Call microcode copies the location of PED 30303 into PED Pointer Field 46933 and 
then copies the values of K Held 30305. Last Name Field 30307, NTP Reld 3031 1 and PBP Reld 3031 5 into 
the relevant registers in FU 10120. KOS Call microcode next translates the pointer in StP Field 30309 into a 
dialect number as explained in Chapter 3, and places it in register RDIAL 24212 of FU 10220 and thereupon 
derives SDP by resolving the pointer in SDPP Reld 30313 and a pointer to SEB 46864 by resolving the 
poirtter in SEPP Reld 3031 & Having performed these operations, KOS Call microcode returns to S- 

^ interpreter Call microcode, wNch finishes the Call by obtaining a new PC, that is, resetting registers in I- 
slream Reader 27001 m FU 10120 so that the next SIN to be fetched will be the first SIN of called procedure 
602 S-interpreter Call microcode obtains the information required to change PC from Reld 47229 in Entry 
Descriptor 47227 which contains the offset of the first SIN of called Procedure 602 from PBP. 

In the present embodiment some FU 10120 state produced by the Mediated Call SIN is retained on SS 

^ 504 throughout the duration of Procedure 602*s invocation. The saved state allows Process 610 to 
reattempt the Mediated Call if the Call fails before the called Procedure 602 begins executing. When a 
Mediated Return SIN is executed, it resumes execution on the retained state from the CALL SINT. The 
Mediated Return is mudi simpler than the Call. Since all of the information required to resume execution of 
the invocation which perfomed the Call Is contained in Macrostate 10516 in the calling Invocation's SS 

^ Frame 47003, Return need only pop the called invocation's frames from current MAS Object 46703 and SS 
Obj^ 10336, copy Macrostate 1(B16 47123 from the calling invocation's SS Frame 47003 into the proper 
FU 10120 registers, translate SIP Value 47141 into a dialect number, and resume executing the calling 
invocation. The pop operation involves nothing more than updating those pointers in MAS Object 46703 
and SS Object 10336 which pointed to locations in the old topmost frame so that they now point to 

^ equh^alent locations in the new topmost frame, 

cc Invocations of Procedures 602 Requiring SEBs 46864 (Rg. 270, 468, 469, 470, 471, 472) 
If a Procedure 602 requires a ^B 46864, this fact is indicated by Flag Reld 47237 in Procedure 602's 
Entry Descriptor 47227. PED 30303 for such a Procedure 802 contains SEPP Reld 47225, whose value is a 

<5 non-resolvable pointer. The manner in which a SEB 46^ is created for Procedure 602 and SEPP field 
47225 is translated into SEP, a pointer which contains the location of SEB 46864 and is saved as part of the 
invocation's macrostate on SS 10336, is similar to tiie manner in which a Static Data Block 46863 is created 
and the non-resolvable pointer contained in SDPP field 47225 is translated into SDP. The first time that a 
Procedure 602 requiring a SEB 46864 Is invoked on a MAS Object 46703, a SEB 46864 is created for the 

so Procedure 602 and an AATE 46857 is created which associate the nonresolvabie pointer in SEPP field 
47225 and the location of SEB 46864. That location is the value of SEP when the procedure is executing on 
MAS object 46703. On subsequent invocations of Procedure 602. AATE 46857 serves to translate the value 
in SEPP field 47225 into SEP. 

55 dd Cross-Procedure Object Calls (Rg. 270, 468, 469, 470, 471, 472) 

A Mediated Call which invokes an External Procedure 602 is called a Cross-Procedure Object Call. As 
previously mentioned. KOS Call microcode assumes that any time the Name representir)g the called 
Procedure 602 in a Mediated Call SIN resolves to the location of a Gate that the Call is to an External 
Procedure 602, As long as newly-called External procedure 602 has the same DOE as calling Procedure 602. 

&t Cross-Procedure Object Calls differ from the Simple Mediated Call only in the manner in which called 
Procedure 602's' Entry Descriptor 47227 is located. Once KOS Call microcode has determined as d^cribed 
above that a Mediated Call is a Cross-Procedure Object Call it must next determine whether it is a Cross- 
Domain Call. To do so, KOS Call microcode compares the DOE Attribute of called Procedure 602's 
Procedure Object 608 wrth the domain component of the current subject KOS Call microcode uses 
: 65 Procedure Object 608*5 AON 41304 to obtain Procedure Object 608's DOE from Reld 41521 of its AOTE 
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41306 and it uses the ASN for the current subject, stored in an FU 10120 register, to obtain the current 
subject's domain component fronn AST 10914, If the DOE and the current subject's domain component 
differ, the Call is a Cross-^Jomain Call, described below; othenMse. the Call locates the Gate 47205 or 47206 
specified t)y the evaluated Name for called Procedure 602 in Its Procedure Object 0)8. If the Gate is a Local 

5 Gate 47205, the Call uses Entry Descriptor Offset Reld 47207 to locate Entry Descriptor 47227 belonging to 
Celled Procedure 602 and then proceeds as described in the disojssion of a Simple Mediated Call. 

If the Gate is a Link Gate 47206, KOS Call microcode obtains the pointer corresponding to Link Gate 
47206 from Binder Area 47245 and resolves it to obtain a pointer to another Gate 47205 or 47205, which 
KOS Call microcode uses to repeat the Extennal Procedure 602 call d^cribed above. The repetitions 

" continue until the newly-located gate is a Local Gate 47205, whereupon Cali proceeds as described for 
Simple Mediated Calls. 

e.e. Cross-domain Calls (Rg. 270, 408, 418, 468, 469, 470, 471, 472) 
tf a called Procedure 602's Procedure Object 608 has a DOE attribute differing from that of calling 
Procedure 602's Procedure Object 608, the Call is a Cross-domain Call. The means by which KOS Call 
microcode determines that a Mediated Call Is a Cross-Domain Call have previously been desaibed; If the 
Can is a Cross-Domain Call, KOS Call microcode must inactivate MAS Object 46703 for the domain from 
which the Call is made, perform trojan horse argument checks, switch subjects, place a Cross-domain 
Frame 47039 on SS object 10336, and locate and acdvate MAS Object 46703 for the new domain before it 

^0 can make a Mediated Frame 46947 on new MAS Object 46703 and continue as described in the di^sston 
of a Simple Mediated CalL 

Cross-domain Call microcode first inactivate the current MAS Object 46703 by setting Domain Active 
Rag 46804 to FALSE. The next step is the trojan horse argument checks. In order to perform trojan horse 
argument checks. Cross-domain Call must have pointers to the actual arguments used in the cross-domain 

2£ invocation. Cor^quentty, Cross-domain Call first continues like a non-cross-domain Call: it creates a 
Mediated Frame Header 10414 on old MAS Object 46703 and returns to S-interpreter microcode, which 
.evaluates the Nances of the actual arguments, and place the pointers in Linkage Pointers 10416 above 
Mediated Fran>e Heacter 10414. However, the macrostateforthe invocation performing the call was placed 
on SS Object 10336 before Mediated Frame Header 10414 and Linkage Pointers 10416 were placed on old 

30 MAS Object 46703. Consequently, when calling Procedure 602 resumes execution after a Return, it will 
resume on MAS Frame 46709 preceding the one built by Cross-domain Call microcode. 

Once the pointers to the actual argumwns are available. Cross-domain Call Microcode performs the 
trepan horse check. As descrit>ed in the discussion of Procedure Object 608 and illustrated in Rgure 472, the 
information required to perform the check is contained in AIA 10352. Each Local Gate 47205 in Procedure 

55 Object 608 has an AIAE 47245, each fbrm^ argument in Local Gate 472(£'s procedure has an entry in AIAE 
47245's AMA 47251, and the formal argument's AMAE 47253 incficates what kind of access to the formal 
argument's actual argument is required tn called Procedure 602. 

Reld AIA OFF 47201 contains the location of AIA 10352 in Procedure Object 608, and using this 
information and Local Gate 47205's offset in Procedure Object 608, Cross-domain Call microcode locates 

40 AIAE 47245 for Local Gate 47205, TTie first two fields in AIAE 47245 contain the minimum number of 
arguments in the invocation and the maximum number of arguments. Cross-domain Call microcode 
checks whether the number of actual arguments falls between these values, if it does. Cross-domain Call 
microcode begins checking the access allowed indhrtdual arguments. For each argunrient pointer Cross- 
domain Call microcode calls LAR microcode to obtain the cun-ent AON 41304 for the pointer's UID and uses 

45 AON 41^ and the ASN for Proc^ eWs current subject (i.e., the caller's subject) to locate an entry in 
Qther APAM 10918 or ANPAT 10920, depending on whether the argument's AIAE specifies primitive access 
<47255| or extended access (47257) rBspectively. If the information from APAM 10918 or ANPAT 10920 
confirms that Proems 610's current subject has the right to access the argunnent in the manner required in 
called Procedure 602, the Trojan Horse microcode goes on to the next argument If the current subject has 

so the required access to all arguments, the trojan horse check succeeds and the Cross-domain Call continues. 
Otherwise, h fails and Cross-domain Call performs a microcode-to-software Call as explained below. 

Next, Cross-domain Cali microcode places Cross domain State 1C&13 on SS Object 10336. As explained 
In the discussion of SS object 10336, Cross-domain State 1 0513 contains the infomr>ation required to return 
to the caller's frame on former MAS Object 46703. Having done this. Cross-domain Call microcode changes 

55 subjects. Using the current subject's ASN, Cross-Domain Call microcode obtains the current subject from 
AST 1(S14 replaces the subject's domain component with DOE Attribute 41225 for called Procedure 602's 
Procedure Object 608 and uses AST 10914 to translate the new subject thus obtained into a new ASN. That 
ASN then is placed in the appropriate FU 10120 register. 

After the subject has been changed, Cross-doniain Call microcode uses Domain Table 41801 to 

&> translate the DOE of called Procedure 602 into a donmin number. Cross-domain Call microcode then uses 
the domain numtwr as an index imo Array of MAS AONs 46211 in VPSB 614 for Virtual Processor 612 
{belonging to Process 610 making the cross-domain call. The entry corresponding to the domain number 
contains AON 41304 of MAS Object 46703 for that domain. 

Having located the proper MAS Object 46703, Cro5S*domatn Call microcode uses STO field 46807 In 

66 MAS Header 10410 belonging to the new domains MAS Object 46703 to locate the top of the last MAS 
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Frame 46709. It then saves the value of FHP 46702 used In the preceding Invocation in a FU 10120 register, 
adds a Mediated Frame Header 10414 to the top of MAS Object 46703, and calculates a new FHP 46702 
which points to new Mediated Frame Header 10414. KOS Cross-Domain Call microcode then places the old 
value of FHP 46702 In FHP Value Field 47151 of SS Object 10336 and the old value of STO 45704 {pointing to 
^ the top of the last complete MAS Frame 46709 on previous MAS Object 46703) in Field 47153 of Cross- 
Domain State 10513 and fills in Mediated Frame Header 10414 fields as follows: Result of Cross-domain 
Call Held 46903 is set to TRUE. Previous Frame Offset Held 46917 is set to 0, and Dynamic Bacic Pointer 
Held 46931 Is set to the saved value of FHP 46702, {Dynamic Back Poimer Field 46931 thus points to the 
header of the topmost Mediated Frame 46947 on the previous MAS Object 46703. The values of the 
remaining fields are copied from Mediated Frame Header 10414 which Cross-Domain Call created on 
previous MAS Object 46703. 

Cross-domain Call microcode next copies the argument pointers for the formal arguments from the top 
of previous MAS Object 46703 to new Mediated Frame 46947 and calculates FP. Cros&*domain Call 
Microcode finishes by retumlng to S-interpreter Call microcode, which completes the Call as described for 
Simple Mediated Calls. 

Except for the wodc involved in transferring to a new MAS Object 46703, Cross-domain Retum is like 
other Retumsfrom Mediated Calls. Old FHP 46701 from Field 47151 of Cross-Domain State 10513 and old 
STO 46704, from Field 47153 of Cross-domain State are placed in FU 10120 registers* Then the frames 
belonging to the invocation that is ending are popped off of SS Object 10336 and off of MAS Object 46703 
belonging to the donndin of called Procedure 602 and MAS Object 46703 is inactivated by setting Domairv 
Active Rag 46804 to FALSE. Then KOS Cross-domain Retum microcode uses old FHP 46701 and old STO 
46704 to locate MAS Object 46703 being returned to and the topmost Mediated Frame 46947 on that MAS 
Object 46703. MAS Object 46703 being returned to is activated, and finally, the contents of Macrostate 
10516 belonging to the invocation b^ng retumed to are placed in the appropriate registers of FU 10120 and 
execution of the invocation resun^es. 

If, Failed Cross-Doamin Calls (Hg. 270. 468, 469, 470, 471, 472) 
A Cross-Domain Call as described above may fat! at several points between the time that the calling 
Invocation begins the call and called Procedure 602 begins executing. On failure, Cross-Domain Call 

^ microcode performs a microcode^o-software Call. KOS Procedures 602 invoked by this Call may remedy 
the reason for the Cross Domain Call's failure and reattempt the Cross-domain Call. This is possible 
because the implementation of Cross Domain Call In CS 10110 saves sufficient FU 10120 state to allow 
Process 610 executing the Cross^main Call to retum to the invocation and the Mediated Call SIN from 
which the Cross-Domain Call began. On failurcr the invocation's MAS Frame 46709 may be located from 

^ the values of STO Held 471 53 and FHP Held 471 61 in Cross-Domain State 1 051 3. and the Mediated Call SIN 
may be located by using information saved in FU 10120 state. 

6. Neighborhood Calls (Rg. 468, 479, 472) 

As previously nnentioned« Procedures ^2 called via Neighborhood Calls nraust have the same PED 

^ 30303 as calling Procedure 602. The only macrostate values which are not part of PED 30303 are PC and FP; 
consequently N^ghborhood Call need only save and FP of the invocation performing the call and 
calculate these values for the new invocation. In addition. Neighborhood Call saves STO 46704 in order to 
make it easier to locate the top of the previous invocation's Neighborhood Frame 46947. Neighborhood 
Retum simply restores the saved values. Since the macrostate values copied from or obtained via PED 

^ 30303 do not change during the sequence of invocations, and therefore need not be saved on SS Object 
10336. Neighborfiood Calls do not have SS Frames 47003. 

The imrention may be embodied in yet other specific forms without departing from the spirit or 
essential characteristics thereof. Thus, the present embodiments are to be considered in all respects as 
illustrative and not restrictive, the scope of the invention being indicated by the appended claims rather 

so than by the foregoing description. 

C^ms 

1. A digital computer system (CS lOIHncluding processor means UP 114) for performing operations 
55 upon operands, memory means (MEM 112) for storing said operands and procedures, said procedures 
including instructions for controlling said operations and names referring to certain of said operands to be 
operated upon, ALU means (2034, 2074) for performing said operations, bus means (MOD 140, JPB 142) for 
conducting said instructions, names and operands between said memory means and said processor 
means, and I/O means (lOS 116) for conducting at least said operands between ^id memory means and 
60 devices external to said digital computer system, characterised in that ^id processor means (JP 114) 
comprises means for addressing said operands, including name table means (10350) for storing name 
table entries, each name table entry corresponding to one of said names included in eac^ one of said 
procedures and eat^ name table entry comprising first data from which may be determined an address of a 
location in said memory means of the operand referred to by one of said names and second data 
^ idem'ff^ng a format of that operand, and translation means (NAME TRANS UNIT 27015) connected to said 
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bus means and responsive to said name table entries for providing outputs to said memory means 
representing said addresses, and further characterised in that said instructions are Intermediate level S- 
language instrucUons from a pluraHty of sets of such instructions, each set corresponding to a particular 
higher level us^ programming language, and further characterised by receiving means {INSTB 20262) 
* connected to said bus means for receiving said instmctions from said memory means, and nr^icrocode 
control means (10240. 27003, 27013) connected between said receiving means and said ALU means for 
prx>vidtng sequences of microinstructions for controlling said ALU means, said sequences being selected 
from a plurality of sequences of microinstructions corresponding to said S-language instructions 
respectively. 

2. A dtg'rtal computer system according to claim 1, characterised in that the S-language instructions 
have a uniform, fixed format. 

3. A digrtal computer system according to claim 1 or 2, characterised in that the names are of uniform 
length and format 

4. A digital computer system according to any of claims 1 to 3, characterised in that each procedure 
'5 -further includes a name table pointer (NTP 30311) representing a base location In said memory means 

(MEM 112), and said first data of each name table entry contains information from which maybe 
determined an address offset of a memory location relative to the base location, and in that said translation 
means (NAME TOANS UNIT 27015) further comprises base register means (NCR, MCR 103^) connected to 
said bus means for receiving and storing said name table pointer of the procedure currently controlling the 
^ operations performed by said ALU means. 

5. A digital computer system according to any of claims 1 to 4, characterised by name cache n>eans 
(10226) connected to outputs of said translation means (NAME TRANS UNfT 27015) and having outputs to 
said memory means (MEM 112) for storing said addresses, and further connected to said receiving means 
(INSTB 20262) and responsive to said names to provide name cache outputs to said memory means 

25 representing ssnd addresses of certain operands for v^ich said name cache means has stor^ said 
addresses. 

a A digital computer system according to any of ctainris 1 to 5, characterised in that each of said S- 
Language instructions is a member of an S-Language dialect of a plurality of S-Language dialects, and in 
that said receiving means (INSTB »)262) further comprises dialect code means (RDIAL 24212) for storing a 
30 dialect code specifying the dialect of which the recehred S-Language instructions are members, and in that 
said sequences of microinstructions include a set of sequences of microinstructions, corresponding to each 
said S-Language dialect aadi set of sequences of microinstructions including at least one sequence of 
microinstrurtions corresponding to each S-Lar>guage instoxidSon in a corresponding S-Language dialect, 
and in that said microcode control means (10240, 27003, 27013) is responsive to the dialect code and to 
S5 each received S-Language instruction to provide to said ALU means (2034, 2074) a sequence of 
microinstructions corresponding to that S-Language instruction. 

7. A digital computer system according to claim 1 or 2, characterised in that each procedure includes a 
dialect code denoting an S-Lsnguage dialect of which the S-Language instructions of the procedure are 
members, and in that said microcode control means (10240, 27CKJ3, 27013) further comprises control store 
^ means (SCTT 1 1012) for storing said sequences of microinstructions for controlling said ALU mear^ (2034, 
2074), and dispatch table means (SIDT 11010) for storing addresses corresponding to locations in said 
control store means of each sequence of microinslrutaions, and in that said dispatch table means is 
respon^ve to said dialect code and to each instruction to provide to said control store means each address 
corresponding to said at least one microinstruction sequertce corresponding to each said instruction, and 
45 said control store nr^ans Is responsive to each address to provide to said ALU means said sequence of 
microinstructions corresponding to each instruction. 

a A digital computer system according to claim 1 , 6 or 7, characterised In that said microcode control 
means (10240, 27003, 27013) comprises writable control store means (11012) connected to said bus means 
for storing said sequences of microinstructions, and control store addressing means (SITTNAS 20286) 
so responsive to each S-Language instruction and to operation of said proctor nneans for generating control 
store read addresses and write addresses (CSADR 20204), and in that said writable control store means is 
responsive to said read addresses to provide said sequences of microinstructions to said ALU means (2034, 
2074) and is responsive to said write addresses to store said sequences of microinstructions. 

9. A digital computer system according to daim 7, characterised in that said control store means (SITT 
65 11012) comprises writable control store means connected to said bus means for storing said sequences of 
microinstructions, and in that said dispatch table means comprises write address means responsive to 
operation of said processor means for generating write addresses, and in that said writable control. store 
means is responsive to said write addresses for storing said sequences of microinstructions, 

60 Patentan^miche 

1. Digitales Datenverarbeitungss^em (CS 101), enthaltend: Prozessormittel (MEM 114) zur 
Durchfuhrung von Operationen an Operanden, Speichermittel (MEM 112) zum Speichern der Operanden 
und von Prozeduren, die Befehle rur Steuerung der Operatiorien und Namen entiialten, die auf gev\nsse der 
65 Operanden Bezug nehmen, an denen Operationen durchgefuhrt warden soJlen, eein Rechenwerk (2034, 
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2074) 2ur Durchfuhrung der Operationen, Bus-Mittel (MOD 140, JPE 118) fur den Verkehr der Befehle, 
Namen und Operanden zwischen den Spelchemnltteln und den Prozessormitteln, und Eingabe/Ausgabe- 
Mittel (lOS 116) fur den Verk^r wenigstens der Operanden 2wischen den Speichermittein und Geraten 
auBerhaib des digitalen Datenverarbeitungssystems, gekennzeichnet durch Prozessormittel (JP 114), die 
Mittel zur Adressierung der Operanden einschlieBlich Namenstabetlenmitte) (10350) zur Speicherung von 
Nan^enstabellen-Einsprungpunkten enthalten, wobei jeder Namenstabellen-Einsprungpunkt einem der 
Namen entsprlcht, die in jeder der Prozeduren enthalten sind, und erste Daten, aus denen eine Adresse 
eines Platzes derjenigen Operanden in den Speichermittein bestimmt werden kann, auf die durch einen der 
Namen Bezug genommen wird. und zweite Daten enthalten die ein Format dieses Operanden identify 
zieren, und durch Obersetzungsmittel (NAME TRANS UNfT 27015). die mit den Bus-Mitteln verbunden sind 
und auf die Namenstabellen-Einsprungpunkte unter Bereitstellung von diese Adressen reprasentierenden 
Ausgaben fOr die Speichermittel ansprechen, femer dadurch gekennzeichnet daS die Befehle mittlere S- 
Sprache-Befehle von einer Vielzahl von Satzen solcher Befehfe sind, von denen jeder Satz einer 
besoncteren hdheren Benutzerprogrammiersprache entspricht, und femer g^nnzeichnet durch ein mit 
den Bus-Mitteln verbundenes Empfangsmtttel (INSTB 20262) zum Empfang der Befehte von den Speicher- 
mittein, und durdi mit dem Empfangsmittel und dem Rechenwerk verbundene Mikrocode-Steuermittel 
(10240, 27003, 27013) zur Bereitstellung von Mikrobefehlssequenzen zur Steuerung des Rechenwerks, 
wobet diese Sequenzen aus einer Vielzahl von Mikrobefehlssequenzen ausgewahit sind, die den jeweiligen 
S-Sprache-Befehlen entsprechen. 

2. Digitales Datenverarbeitungssystem nach Ar^pmdn 1, dadurch gekennzeichnet, daS die S-Sprache- 
Befehte ein gietchformiges, festes Format haben. 

3* Digitales Datenverarbeitungssystem nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die 
Namen eine gleichformige Lange und ein gleichf6rnruges Format haben. 

4. Digitales Datenver3rt>eitungssystem nach etnem der Anspruche 1 bis 3, dadurch gekennzeichnet, 
dafi jede Prczedur waiter einen Namenstabellenzeiger (N7P 30311) enthalt, der elnen B^isplatz in den 
Spetchemiittein (MEM 112} reprasentiert da& die ersten Daten jedes Namenstabellervfinsprungpunktes 
Informatfonen enthalten, aus denen die Adresse eines vom Basisspeicherplatz versetzten Speicherplatzes 
bestimmt werden konnen, und da& die Obersetzungsmittel (NAME TRANS UNfT 27015) welter Baslsregl- 
stermittel (NCR, MCR 10366) enthalten, die mit den Bus-Mitteln verbunden sind, urn den Namenstabellen- 
zeiger denenigen Prozedur zu empfangen und zu speichem, die gerade die vom Rect>enwerk durch- 
gefuhrten Operationen steuert. 

5. Digitales Datenverarbeitungssystem nach einem der Anspruche 1 bis 4, gekennzeichnet durch 
Namens-Cache-Speichermittel (10226), die mrt den Ausgangen der Obersetzungsmittel (NAME TRANS 
UNIT 27015) verbunden sind und zu den Speichermittein (MEM 112) fuhrend Ausgange zum Speichem der 
Adressen haben, und die weiter mit dem Empfangsmittel (INSTB ^262) verbunden sind und auf die 
Namen unter Bereitstellung von Namens-Cache-Ausg^en fur die Speichermittel ansprechen, die die 
Adressen von gewissen Operanden reprasentteren, fur die die Namens-Cache-Speichemnlttel die Adressen 
gespeichert haben. 

6. Digitales Datenverartseitungssystem nach einem der Anspruche 1 bis 5, dadurch gekenrueichnet, 
da6 jeder der S^prache-Befehle ein Mftgtted eines S-Sprache-Dialekts einer Vielzahl von S-Sprache- 
Dialekten Ist, daS das Empfangsmittel (INSTB 20262} weiter ein Dialekt-Code-Mittel (RDIAL 24212) zur 
Speicherung eines Dialekt-Cod^ enthalt, der cten Dtalekt bestimmt, von dem die empfangenen S-Sprache- 
BefeWe Mitglleder sind, dal£ die Mikrobefehlssequenzen einen Satz von Mikrobefehlssequenzen ent- 
sprechend jedem S-Sprache-Dialekt enthalten, wobei jede Mikrobefehlssequenz wenigstens eine jedem S- 
Sprache-Befehi in einem entsprechenden S-Sprache-Dialekt entsprechenden Mikrobefehlssequenz enthSIt, 
und daB die Mikrocode-Steuermittel (1 0240, 27003, 27013) auf den Dialekt-Code und jeden empfangenen S- 
Sprache-Befehl unter Bereitstellung einer diesem S-Sprache-6efehl entsprechenden Mikrobefehissequeru 
fur das Rechenwerk ansprechen. 

7. Digitales Datenverarbeitungssystem nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB jede 
Prozedur einen Dialektcode enthatt, der einen S-Sprache-Dialekt bezeichnet, von dem die S-Sprache 
Befehle der Prozedur Mitgiieder sind, da& die Mikrocode-Steuermfttel (10240. 27003, 27013) femer Steuer- 
speichermittei (SPTT 11012) zur Speicherung der Mikrobefehlssequenzen fur die Steuerung des Rechen- 
werks (2034, 2074) und Verteilertabelienmfttel (SIDT 11010) zur Speicherung von Adressen enthalten, die 
Platzen jeder Mikrobefehlssequenz in den Steuerspeichermitteln entsprechen, und da& die Verteiler- 
tabellenmlttel auf den Dialektcode und jeden Befehl unter Bereitstellung jeder Adresse, die der wenigstens 
einen, zu jedem Befehl gehorenden Mikrobefehlssequenz entspricht, fur die Steuerspeichermittel 
ansprechen, wahrend die Steuerspeichermittel auf jede Adresse unter Bereitstellung der jedem Befehl ent- 
sprechenden Mikrot>efehlssequenz fOr das Rechenwerk ansprechen. 

8. Digitales Datenverarbdtungssystem nach Anspruch 1, 6 oder 7, dadurch gekennzeichnet, daS die 
Mikrocode-Steuermittel (10240, 27003, 27013) ein mit den Bus-Mitteln verbundenes Schreibsteuerspeicher. 
mittel (11012) zur Speicherung der Mikrobefehlssequenzen und Steuerspelcheradressrermittel (SITTNAS 
20286) enthalten, die auf jeden S-Sprache-Befehl und auf Operationen des Prozessormittels unter 
Erzeugung von Steuerspeicherlese- und -schrelbadressen (CSADR 20204) ansprechen, und dafi die 
Schreibsteuerspeichermittel auf die Leseadressen unter Bereitstellung der Mikrobefehlssequenzen fur das 
Rechenwerk und auf die Schrelbadressen unter Speicherung dieser Mikrobefehlssequenzen ansprechen. 
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9. Digitales Datenverarbehungssystem nach Anspruch 7, dadurch gekennzeichnet, daS dife Steuer- 
speichermittel (SITT 11012) mit den Bus-Mitteln verbundene Schreibsteuerspeichermittel zur Speicherung 
der Mikrobefehlssequenzen enthalten, daB die Verteilertabellenmittel Schreibadr^senmittel enthalten, die 
auf Operationen des Prczessormittels unter Erzeugung von Schrelbadressen ansprechen. und daB die 
Schreibsteuerspeichermittel auf die Schreibadressen urrter Speicherung der Mikrobefehlssequenzen 
ansprechen. 

Revendications 

1. Un systeme d'ordinateur numdrique (CS 101), comprenant un processeur (JP 114) poureffectuer des 
operations sur des operandes, une memoire (MEM 112) pour m^moriser lesdits op6randes et des 
procedures, lesdites procedures contenant des instructions pour comnriander lesdites operations et des 
designations se rapportant h certains desdits operandes pour les trarter, une unite arithnnetique et logique 
ALU (2034, 2074) pour effectuer lesdites operations, des bus (MOD 140, JPB 142) pour transmettre lesdites 
Instructions, lesdites designations et lesdits operandes entre iadite m6moire et ledit processeur, et des 
moyens d'entree/sortie I/O (tOS 116) pourtransnr^ettreau molns lesdits operandes entre Iadite memoire et 
des cfispositifs ext6rieurs audit systdme d'ordinateur numerique, caracterise en ce que tedit processeur (JP 
114) comprend des moyens pour I'adressage desdits operandes, comportant une table de designations 
(10350) pour memoriser des entrees de table de designations, chaque entree de table de designations 
correspondent a une desdites designations incluses dans chacune desdites procedures et chaque entree de 
table de designations comprenant une premiere donnee a partir de laqueUe peut etre determinee une 
adresse d'un emplacement de Iadite memoire contenant I'operande auquel se refiete Tune desdites 
designations et une seconde donnee identifiant un format de cet operande, et des moyens de transcodage 
(NAME TRANS UNIT 2701 5) relies auxdits bus et reagissant auxdftes entr6es de tables de designations de 
fagon d transmettre k iadite memoire des signaux de sortie repr^sentant lesdites adresses, et en outre 
caraaerise en ce que lesdites instructions sont ctes instructions en tangage-S de niveau intermediaire 
provenant d'une pluralite d'ensembles de telles instructions, «*aque ensemble correspondant d un 
langage de programmation par utilisateur de niveau superieur partlculier, et en outre caract6rlse en ce que 
des moyens de reception (tNSTB 20262) sont relies auxdits tjus pour recevoir lesdites instructions a partir 
de ladKe memoire, et des moyens de commande de microcode (10240, 27003, 27013) connectes entre 
lesdits nujyens de reception et Iadite ALU pour foumir des sequences de microinstructions servant a 
commander ladtte ALU, les dites sequences etant s6tectionn6es pamni une pluralite de sequences de 
micro-instructions correspondant respectivement auxdites instructions en lang^e-S. 

2. Un systeme d'ordinateur numertque selon la revendication 1, caracteris6 en ce que les instructions 
en lartgage-S ont un format fbce et uniforme. 

3. Un systeme d'ordinateur numerique selon ut» des revendications 1 ou 2, caracterise en ce que les 
designations ont une longueur et un format uniformes. 

4. Un systeme d'ordinateur numerique selon ur^e quetconque des revendications 1 a 3, caracterise en 
ce que cheque procedure comprend en outre un potnteur de table de designations (NTP 30311) 
representant un emplacement de base dans Iadite memoire (MEM 112) et Iadite premiere donnee de 
chaque entr6e de la table de deagnations contient une information a partir de laquelle peut etre determine 
un decalage d'adresse d*un emplacement de memoire par rapport 3 Templacement de base, et en ce que 
lesdits moyens de transcodage (NAME TRANS UNIT 27015) comprennent en outre un moyen formant 
registre de base (NCR, MCR 10366), qui est relie auxdits bus de fagon a recevoir et memoriser ledit pointeur 
de table de de^gnations dans la procedure qui est en train de commander tes operations effectuees par 
Iadite ALU. 

5. Un systeme d'ordinateur numerique seion une quelcorK^ue des revendications 1 i 4, caracterise par 
un moyen formant antememoire de designations (10226), relie aux sorties d^its moyens de transcodage 
(NAME 7BANS UNIT 27015) et comportant des sorties reliees h Iadite n^emoire (MEM 112) pour memoriser 
lesdites adresses. et en outre relie auxdits moyens de reception (INSTB 20262) et r6agtssant auxdites 
designations pour foumir k ladtte memoire des sorties de Tantememoire de designations representant 
lesdites adresses de certains operandes pour lesquels Iadite amememoire de designations a memorise 
lesdites ad resses. 

6. Un systeme d'ordinateur numerique selon une quelconque des revendications 1 a 5, caracterise en 
ce que chacune desdites instructions en langage-S est un element d'un dialecte en langage-S faisant partie 
d'une pluralite de dialectes en langage-S et en ce que lesdits moyens de reception (INSTB 20262) 
comprennent en outre un moyen de codage de dialecte (RDIAL 24212) pour m6moriser un code de dialecte 
specifiant le dialecte dont les instructions en langage-s regues sont des elements, et en ce que lesdites 
sequences de micro-instructions contiennent un ensemble de sequences de micro-instructions 
correspondant ^ chacun desdits dialectes en langage*S, chaque ensemble de sequences de micro- 
instructions comprenant au moins une sequence de micron nstructions correspondant a chaque in^ruction 
en langage-S dans un dialecte en langage-S correspondant, et en ce que lesdits moyens de commande de 
microcode (10240, 27003, 27013) reagissent audit code de dialecte et d chaque instruction en langage-S 
reque pour foumir a ladhe ALU (2034, 2074) une sequence de micro-instructions correspondant ^ cette 
instruction en langage-S. 
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7. Un systfeme d'ordinateur num6rique selon une des revendications 1 et 2, caract^nse en ce que 
chaque procedure comprend un code de dialecte d6finissant un dialecte en langage-S dont les instructions 
en )angage-S de la procedure sont des elements et en ce que lesdits moyens de commande de microcode 
{1020, 27003, 27013 comprennent en outre une m6moire de commande iSITT 11012) pour m^moriser 

S lesdites sequences de mlcro-instrucdons pour commander ladite ALU (2034, 2074), et un moyen h table de 
distribution {SIDT 11010) pour m^moriser des adresses correspondent aux emplacements de chaque 
sequence de micro-instructions dans ladite nnemoire de commande, et en ce que ledit moyen a table de 
distribution r^agit audit code de dialecte et ^ chaque instruction pour foumir ^ ladite m^moire de 
commande chaque adresse correspondant a ladite sequence de micro-instructions au moins pr^ue 

^0 correspondant h chaoine desdites instructions, et ladite m^moire de commande r^aglt a chaque adresse 
pour foumir d ladite ALU ladite sequence de micro-instructions correspondant ^ chaque instruction. 

a Un systeme d ordinateur num6rique selon une des revendications 1, 6 et 7, caracterise en ce que 
lesdits moyens de commande de microcode (10240, 27003, 27013) comprennent une m6moire de 
commande Inscriptible (1101 2) reliee auxdits bus pour m6moriser lesdites sequences de micronnstructions 
et un moyen d'adressage de m^moire de commaruie (SITTNAS 20286) reagissant ^ chaque instruction en 
langage-S et au fonctionnement dudit processeur pour produire des adresses de lecture et des adresses 
d'ecriture dans la memoire de commande (CSADR 20204) et en ce que ladite memoire de commande 
inscriptible r^agit auxdites adresses de lecture pour fournir lesdites sequences de micro-instructions a 
ladite ALU (2034, 2074) et reagit auxdites adresses d'ecriture pour m^oriser lesdites sequences de micro- 

-zo instructions. 

9. Un systeme d'ordinateur num6rique selon la nevendication 7, caracterise en ce que ladite memoire 
de commande (SITT 1 101 2) comprend une memoire de commande inscriptible qui est relive auxdits bus de 
m6moriser lesdites sequences de microMnstrucdons et en ce que ledit moyen h table de distribution 
comprend un moyen d'adressage d'6criture reagissant au fonctionnement dudit processeur pour produire 
2S des adresses d'toiture, et en ce que la memoire de commande inscriptible reagtt auxdites adresses 
d^ecriture pour memoriser lesdites sequences de micro-instructions. 
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